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1.0 Introduction 


Rapidly industnalizing countries are experiencing a significant increase in air pollution from 
both fixed and mobile sources, deteriorating water quality, soil erosion^ xm dequaic sewage 
facilities and other environmental infrastructure, a rise L. J.. ,^-ituics ufbo h solid and 
hazardous wastes generated by the industrial sector, among other pressing environmental and 
conservation issues. Traditionally, governments have responded to declining environmeu^ 
quality through a “command-and-control” approach to environmental regulation which 
includes establishing environmental standards, issuing permits, and enforcing these measures 
through sanctions. Although this approach has been very effective for managing some 
environmental problems, industrializing countries are often faced with pressures to develop 
their industrial sector rapidly, often at a cost to the environment. Increasingly, the use of 
economic incentives is being promoted as a means to balance economic development with 
environmental protectioiu 




The use of economic incentives was recognized at the global level in 1992 at the UNCED 
conference in Rio de Janeiro. Principle 16 of the Rio Declaration on Environment and 
Development states: 

National authorities should endeavor to promote the internalization of environmental 
costs and the use of economic instruments, taking into account the approach that the 
polluter should, in principle, bear the cost of pollution, with due regard to the public 
interest and without distorting international trade and investment 

Agenda 21 also addresses economic incentives stating in Chapter 8, that ‘Svithm a supportive 
international and national context and given the necessary' legal and regulatory j&amework,. 
economic and market-oriented approaches can in many cases enhance capacity to deal with 
the-issues of environment and development...” It also encourages the effort to make more 
widespread use of market-oriented approaches within coimtiy development policies. While 
most industrialized countries have had some experience with economic incentive policies 
related to environmental protection, the use of these policies is clearly growing worldwide. 


Tliis report presents an overview of economic incentives for environmental protection and 
discusses how they have been applied for a variety of environmental issues. Section 2 
presents the concept of economic incentive mechanisms. It is important to recognize that by 
the very nature of economic incentive mechanisms, they can encourage pollution prevention, 
resource conservatioii, materials savings, technological innovation, and overall sound 
environmental practices; however, they cannot always guarantee that a specified objective 
will be achieved. Thus, Section 2 also discusses the use of economic incentives in the context 
of a regulatory and economic fiamework and highlights the im|X)rtant elements that should 
be considered when developing economic incentive policies. Section 3 discusses individual 
economic incentive mechanisms more in depth and provides examples of how they are being 
used throughout the world today. This overview is meant to provide an overview of all types 
of incentives mechanisms with an emphasis on those that arc in place in industrializing 
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countries. Under the auspices of the Environmental Pollution Prevention Program, further 
work will be done on examining specific economic incentive mechanisms that promote 
pollution prevention. 


2.0 Overview of Economic Lncentives 


Governments have traditionally sought to protect the environment through a “command-and- 
control approach (CAC) to environmental regulation. With this approach, the government 
either specifies an end-of-pipe” pollution control technology that must be used or an 
emission-rate cap that all sources must meet in order not to exceed an established health- 
based standard. Permits, prohibitions (e.g. dumping hazardous wastes), monitoring protocols, 
md reportmg and record keeping requirements also comprise part of a CAC structure. 
Sanctions are used as a negative incentive or disincentive to enforce these measures. 

Although CAC regulations have been effective in industrialized countries in addressing 

major environmental pollution and health hazards, this approach has many drawbacks. For 
example, 


it can lead to inefficient pollution abatement measures and is costly for both 
unns to comply and government to administer 
it relies on sophisticated enforcement procedures and Htigation 
It can be overly bureaucratic 

^ end-of-pipe reductions and often encourages simpiv 

shifting the environmental hazard from one environmental medium to another 
(e.g. from am to water). 


otSeTto sXf.!? ^ to CACs is the lack 

created. Governments, by ZphLTringXdXire’’*d ''f ““ T 

continue usinp harmfiti j ^ na of-pipe reductions, have encouraged firms to 

developing innovative sointionTto pm^nTmtoX 

becoming more scarce this limitation of CAT ‘ T resources are 

aforementioned ones, is bee “ear " 

cormt^eSrioW^^^^^ 

tiiming the market from an adversirv nf iht> • achieve environmental goals by 

achieve environmernToSefives nm by^7!~' 

economic incentives facing producers and consimin actions, but by changing the 

advantage of the inform'ifmn nne • i Economic incentives take full 

information or the establisliment ofTlarg^ n^VtiXmcfl"® 

B ^uy bureaucracy. In many areas, economic 
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incentives can make economic development the vehicle by which greater environmental 
protection is achieved (Panayotou, 1995). 

policies that successfully protect the environment and support sustainable economic 
development require businesses, governments and households to modify behavior, and, at 
times, endure short-term economic sacrifices for long run gains. For example, firms must 
devote capital to install new equipment, modify older technologies or change production 
processes to reduce harmful by-products. In industrializing countries, the demands for rapid 
economic growth are compelling, but the ability to pay for cleaner production is often 
limited. Leaders are under remarkable pressure to implement policies that provide maximum 
environmental protection at minimum cost and reduce the degree to which such policies 
inhibit economic growth (OECDa, 1992). 

In situations where individuals and businesses bear all the cost and benefits of their decisions 
affecting the environment, there is no need for government intervention. However, as part of 
their cost minimization strategies, polluters typically seek others to bear the costs of 
environmental degradatiorL Intervention is needed where firms are imposing costs on others 
who bear the consequences of those costs, but who cannot prevent such damage or gain 
compensation from it (OECDa, 1992). In implementing an environmental policy, policy 
makers should consider questions of equity, efficiency and effect, or more to the point, who 
pays for environmental protection and how much do they pay. To achieve an efficient and 
equitable environmental policy, the following should be taken into consideration (EPA, 

1991): 

► the risks associated with continued environmental degradation 

► the health, ecological, environmental and economic costs and benefits 
involved to ensure the benefits of abatement are greater than the costs 

► application of the “polluter pays” principle 

► whether an approach that emphasizes cleaner production instead of “end-of- 
pipe” pollution abatement. 

One way to incorporate these policy goals is to use economic incentive mechanisms. 
Designing and implementing an environmental policy using an economic incentive approach 
can lead to greater equity and efficiency in pollution control. In many cases, economic 
incentives can also be integrated into the existing command-and-control structure to best take 
advantage of the strengths of each approach. The remainder of this section discusses the 
issues related to the use of economic incentives for environmental protection. 

2.1 Issues Associated with the Use of Economic Incenth'es 

2.1.1 Proper Pricing for Sustainable Development 


Environmental Pollution Prevention Project 
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The notion of sustainable development is based on the idea that the capital stock of a country 
should not be depleted without compensation to future generations. This implies, in essence, 
that development should leave future generations as well off as current generations. While 
this notion extends to environmental resources, these resources are not typically included in 
national income accounts because they are not treated as productive assets and depreciated 
overtime as is other capital (e.g equipment). The use or depletion of these resources is treated 
as current net income (e.g., income from harvesting of trees), without an offsetting 
calculation of the depletion in the basic capital stock. This results in an illusory gain in 
current income, at the cost of a permanent loss in national wealth in the form of 
environmental resources. As countries industrialize, it is increasingly important that 
environmental resources be included in a nation’s capital stock and their value be captured in 
national income accoimts. 

Incorporating environmental resources in national income accounting encourages the proper 
pricing of resources which provides signals to economic agents (e.g. individuals and firms) to 
act in manner that is consistent with sustainable resource use. Over the long term, this will 
stem the overuse of environmental resources and preserve future productive capacity. 
Economic incentives to encourage cleaner production are designed to further the goal of 
sustainable development by helping to value the environment at its true productive worth and 
incorporate it into the economic system.* 

2.1.2 Encouraging Technological Innovation 

An industrid economy can be likened to a machine that profits by transforming raw materials 
and energy into products. In a competitive marketplace, individual businesses cany out this 
function in ways which tend to maximize their individual productive efficiencies. They strive 
to continually reduce the costs of acquiring and using raw materials, energy, labor and other 
resources. Pollution, therefore, is a sign of inefficiency (waste),^ where raw materials and 
energy are incornpletely transformed into products or services (Shireman and Cobb, 1994). In 
theory', a competitive economy should eliminate pollution over time, as individual business 
strive to increase profits. In practice, economies suffer from market failures and externalities 


‘ For more information 
(1995). 


on sustainability please refer to Munsingahe (1993) and Munsinaghe and Cruz 


n,e total waste of a country can be described as: W = (Waste/GDP) ( GDP/Canita^ fPonuIatinn'k 

industrial output without first reducing the waste/pollution per unit of GDP 
r uni. of ^"v^onmental a.d health proWems in real terms, 

. p °‘^^’°P"’'^^“J“f‘=“<«>co‘npensateforgrowthmeconomicactivityandpopuIation. 
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which shift the burden of pollution away from the polluter and create incentives to continue 
inefficient production practices.^ 

Waste reduction and improvements'in efficiency can be achieved through newer, or “clean,” 
technology that uses inputs more completely. Through technological innovation, firms can 
adopt processes that use inputs more efficiently, thereby lowering their production costs 
(through using fewer raw inputs and energy) and reducing waste and hannful discharges. 
Overall, market signals play an important role in driving the rate and direction of 
technological change. Where there is the possibility of an increase in profit resulting from a 
new technology, it is likely that it will be adopted. 

Except for the threat of sanctions for lack of compliance 'mth environmental regulations, 
firms have little incentive to invest in “end-of-pipe” pollution control equipment because it 
does little to improve productivity. Therefore, for the firm there is an apparent gain in capital 
efficiency (or capital savings) by not investing in pollution control technology. This gain 
masks the total productivity loss due to continued environmental degradation- Since waste 
discharges are usually underpriced or, in many cases, impriced,. few market incentives exist to 
seek and adopt waste-reducing technologies, unless they are incidental to other cost savings 
(i.e., reduced raw material costs). The profit-seeking firm has an incentive to reduce costs at 
the expense of increased environmental damages, because these damages are not bom by the 
firm. While CACs create a disincentive for the firm to internalize pollution costs, and hence 
the need to develop more efficient technology,^ economic incentives can provide incentives 
for adopting clean technology. 

2.13 Macroeconomic Conditions 

The success of economic incentives for environmental protection is closely linked with a 
country’s overall macroeconomic conditions. Two important policy failures in economic 
systems with important environmental ramifications are institutional policy failures and 
short-sighted macroeconomic policies (policies that give more priority to immediate concerns 
at the expense of long term sustainability). For example, high levels of government 
intervention m Eastern Europe have resulted m serious and sustained environmental 


^ The works of Apgar and Brown (1987), Varian (1987) and Titenberg (1992) all contain in depth 
descriptions of externalities and their economic foundations. Their texts contain the theoretical background for 
the “efficiency” argument for economic incentives. 

^ The rate of technological change is therefore an important criterion on which to evaluate a regulatory 
policy. A successful policy will encourage firms to invest in pollution control technology. The available 
evidence suggest that existing environmental policies (i.e. CACs) have provided little stimulus for change and 
innovation in pollution control areas. Research and development expenditures for pollution control technologies 
in the U.S. (1990 data) averaged between 2% and 3% of total revenues (API, 1990). 

—- Environmental Pollution Prevention Project - 
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degradation whereas in Latin America and Africa policies to deal with financial instability, 
inflation, fiscal crises and foreign exchange problems have undermined long term growth and 
have often been enacted at the expense of the environment. Overall, macroeconomic 
conditions have been unfavorable to investment and maintenance activities in both material 
(capital stocks) and environmental resources in industrializing countries. 

Policies on interest rates, credit, subsidies, investment and growth all have important effects 
on the environment. Given macroeconomic stability and appropriate incentives, ecologicaf 
damage from industrial activity can be significantly reduced (Anderson, 1990). This implies 
that a growing economy does not have to result in increasing environmental damage. 
Macroeconomic stability is a key element in reducing environmental degradation, and is 
essential in supporting economic incentive policies. Incentive policies need a strong and 
relatively distortion ftee market in which to function. 

In many cases government policies such as subsidies exacerbate existing market failures. 
Many governments heavily subsidize irrigation water, undermining farmers’ incentives to 
adopt often simple and economic technologies to conserve water. Overall, water use 
efficiency is drastically reduced and as a result rivers, wetlands, groundwater, and soils suffer 
sigmficant losses in productivity. Tax, credit, pricing and other policies also often discourage 
resource conservation. This reduces economic productivity and increases fiscal burdens on 
government. Producer incentives are often biased toward degradation of the resource base, 
and potentially more efficient production systems are discouraged (Repetto, 1990). When 
considering the implementation of economic incentives, it is essential that j^Iicy makers take 
a broad look at the country’s tax and subsidy policy and take steps to alleviate those that 
impede the proper functioning of the market. 


2.2 


Drawbacks of Command-and-Control Regulation in 
Industrializing Countries 


the oath of'the*rTs regulations, many industrializing countries have followed 

.n hT ^ '^ommand-and-control regulatory structure. 

oncd , T environment the drawbacks 

high kh?sore ,nif r “ "'T industrializing country. The section 

h-ghLghC some of the key issues that weaken a command-and-control regulatory approach. 

Efhorrmeasure is the sanction, 

Id/or fees for of imprisonment 

k i , ^ or violations. However, in many 

r th s i oft® as a last resort, 

this IS often common knowledge, regulations can become nothing more 
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than “paper tigers.” While many countries have an extensive body of 
environmental regulation, they have little chance of effectively reducing 
environmental degradation (OECDa, 1992). Many industrializing nations have 
stricter standards than industrialized nations, but the lack of enforcement 
results in continuing environmental degradation. Hand in hand with the 
difficulties in enforcing CAC regulations is the “rent-seeking” behavior they 
engender. Rather than pay the fine owned to the government, violators may, in 
some cases, pay a small portion of the stipulated fines as a bribe to the 
enforcement oflScial who, generally being underpaid, is prone to accept it. 
Increasing fines or enforcement often only increases bribery. 

► Monitoring: A difficulty in implementing an effective CAC policy is the 
numerous small scale operations (often widely dispersed geographically in 
remote areas) that individually generate little pollution, but taken together they 
account for the bulk of pollution in a country. It is difficult to monitor and 
enforce small, dispersed pollution sources. CAC regulations place the burden 
on government to monitoring these smaller firms, yet there is a clear disparity 
between the high regulation, monitoring and enforcement needs of CACs, and 
the budgetary, manpower and administrative constraints of government 

► Political Interests: CACs are the instrument of choice for most governments. 
Regulations, unlike economic incentives, are written in precise language that 
carries with it the threat of punishment. Strict regulations are attractive to 
politicians who promise to protect the environment, and industry does not 
strongly object because it knows the penalties are rarely enforced. 

Occasionally, a flagrant violator can be treated as a scapegoat, creating the 
impression that government is tough on environmental crime. CACs can also 
hide the true cost of environmental protection from the pubhc, because 
regulatory costs are less obvious to the taxpayer and the consumer (OECDa, 
1992). 

► Unequal Costs: Under a CAC strategy all firms typically face uniform 
regulatory standards with which they must comply. This assumes 
homogeneity among firms and does not allow for differences in abatement 
costs; however, the cost of controlling a given pollutant may vary by a factor 
of 100 or more among sources, depending upon the age and location of plants 
and the available technology (Stavins and Whitehead, 1992). 

► Need for Sophisticated Technical Information: Some standards specify a 
certain t^pe of technology that must be used instead of allowing firms to 
decide for themselves which control or prevention technology would be 
appropriate in their facility. Specifying specific technologies demands that 


Environmental Pollution Prevention Project 
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regulators become well-versed in the industrial processes they are regulating. 
The information needs of many CACs create the need for costly bureaucracies 
and expensive monitoring and enforcement. This increases the overall cost of 
pollution abatement to society (Baumol and Oates, 1988), a cost which many 
industrializing countries can ill-afford. 

While the issues raised in this section can limit the application of CACs in both industrialized 
and industrializing countries, the type of government in a cotmtry is also a determining 
factor. For example, of the major industrial Asian countries, Japan and Korea rely heavily on 
CAC. The continued appeal of CAC in Korea may be due to the industrial structure, where a 
small number of large firms (the Chaebol) account for a majority of industrial output and its 
joint product pollution. In this industrial structure a targeted approach that focuses on the 
worst offenders can be effective and monitoring costs relatively low. In Japan, the close 
government-industry relationship may permit a more dynamic regulatory policy that can 
focus on cleaner production as a means to reduce pollution instead of “end-of-pipe” standards 
(OECDa, 1992), On the other hand, Taiwan and Thailand are more inclined to use economic 
incentives. There are more small and medium-sized firms dispersed over a large area making 
a traditional CAC approach unfeasible.^ They already have a basic regulatory framewnrk in 
place Aat defines environmental quality standards. The greater acceptance of economic 
incentives in these countries is consistent with the smaller government role in economic 
management traditionally found in these countries (OECDa, 1992). 

Worldwide, traditional command-and-control strategies are providing to be limited in their 
ability to affect environmental practices and stand little chance of success to achieve true 
environmental gains in the long run. Innovative approaches are necessary to correct the 
environmental exploitation associated with expanding economies. In order to achieve 
prospenty the environment must be protected. Using economic incentives, an incorporating 
em into existing CAC frameworks, can encourage cleaner production’and waste 
minimization and help to create strong economies capable of sustaining economic growth. 


3.0 


The Application of Economic Incentive Mechanisms 


eLnnir. f economic incentive mechanisms and provides 

wtnfi. r throughout the world. In this report, economic 

based categories: 1) price based incentives, 2) quantity 

he br<;^S^ oncem’T”" for a host of ancillary policies thaUall whhin 

broad concept of economte incentives. Price based incentives include: emissions, effluent. 
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product and user taxes, fees or charges. Quantity based approaches (market creation systems) 
include; tradeable permits, concessions and auctions. Among the other incentive policies are 
subsidies, tax breaks, liability schemes and voluntary compliance programs. All economic 
incentives attempt to integrate the market and the environment. 


3.1 The Objectives of Market Based Incentives 

The regulatory power of government is likely to be a driving force behind cleaner production 
and products. Policies must evolve so industry is motivated by the market, which is backed 
by regulatory threat. The main objectives of an environmental policy that promotes cleaner 
production should encourage (OECDb, 1992): 

► in process recycling 

► the re-use or recovery of as many inputs as feasible 

► the modification of segments of the productive process itself 

► the substitution of inputs, 

► the alteration of the end product itself 

The ability of an individual company to deploy cleaner production technologies depends 
upon the nature of the firm’s industrial processes; size and structure of the firm; attitudes and 
opinions affecting operations of the firm; information available for cleaner production 
technologies; and current regulations and their enforcement (OECDb, 1992). 

When the economic and social costs of acquiring and using resources are not fully accoimted 
for, these costs are externalized by the businesses or individuals directly responsible for 
them. Economic incentives seek to isolate these “externalized” costs of productive processes 
and require the firm or individual to “internalize” them. This encourages a full account of all 
benefits and costs so that individual firms maximize profits inclusive of environmental 
damage. Essentially, economic incentives attempt to impose costs and extend ownership to 
each unit of pollution and waste. Any increase in pollution then leads to higher costs and 
lower profits. Additionally, any decrease in pollution leads to lower costs and higher profits. 

Economic incentives, as instruments of environmental management in industrializing 
countries, have many advantages over CACs. They can achieve the desired results at the least 
possible cost which is vital to industrializing countries \vith limited resources and a dire need 
to maintain their competitiveness in world markets. Economic incentives are easier to enforce 
which is important in countries with limited enforcement capabilities. Economic incentives 
present fewer opportunities for rent-seeking behavior than regulations, and therefore they are 
likely to be both more effective and more equitable. Finally, unlike regulations that require 
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large bureaucracies and budgets, economic incentives generate revenues which should be 
welcomed by countries facing tight budgets and deficits. 


Five principles that should be considered in the development of economic incentives (OECDb, 1992) 

► The ambient quality target - Flexibility of response is important, but the aim should be the 
achievement of an environmental quality (ambient) standard. The target ambient quality 
standard should be specific, monitorable and verifiable. 

► The minimum cost principle - The desired ambient quality standard must be attained 
though the most cost-effective means (the lowest possible cost to the economy)..The costs 
should include monitoring and enforcement costs to the regulatory agency and output 
reduction and pollution t:ontrol costs to the industry. 

► The polluter pays principle - The chosen policy instrument must be self-financed, and 
equitable. While the payment is collected from the industrial producer, the ultimate burden 
(incidence of the pollution charge) is shared between the producer and the consumer in a 
proportion determined by the elasticity of demand for the product in question. 

► The competitiveness imperative - The policy instrument chosen should minimize any 
reduction in the overall competitiveness of industry, although it would unavoidably change 
the industrial mix in the medium to long run, if it is effective. 

► Policy transition - Changing the industrial mix from high to low polluting industries is one^ 
of the desirable outcomes of an effective pollution control instnunent. Structural change 
takes time. Allowance for adjustment during the transition period must be made. The 
stability and predictability of the policy is cmcial if industrial investment is to be gradually 
shifted from high to low polluting industries. 


3.2 Overview of Incentive Mechanisms 

This section presents an overview of these incentive mechanisms and the characteristics that 
distinguish price based incentives, quantity based incentives and the “catch-all” incentives 
categories. 

Price Based Incentives: Price incentives try to integrate the costs of pollution into 
production or consumption decisions by raising the costs of the environmental use or input. 
Incentives try to raise tlie cost of using the environment in order to capture more of the value 
of the resource being used. Tliese include taxes, fees and charges that are placed on the 
quantity or quality of discharges from a production facility. 


Environmental Pollution Prevention Project 
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► User fees are payments for public treatment facilities. They are most often 
used in the collection and treatment of municipal solid waste and for the 
discharge of wastewater into sewers (OECD, 1992a). 

► Effluent and emissions charges (also called pollution charges) are based on 
the quantity of discharges. A discharger is required to pay a certain amount for 
every unit of pollution discharged into surface water or emitted into the 
atmosphere. Generally they are used in conjunction with standards and 
permits. These are readily integrated with existing standards and are the most 
widely used economic incentive mechanisms. 

► Product charges are based upon the potential pollution of a product. They 
function like effluent charges in that they allow users to determine the most 
cost-effective means for reducing pollution. For example, a product charge 
could include a charge on lubricating oils, non-returnable containers, fertilizer 
and pesticides (OECD, 1992a). 

► Input taxes are applied to productive inputs that are thought to contribute to 
environmental problems. For example, a tax can be levied on the carbon or 
sulfur content of coal. These taxes are linked to the quantity of a harmful input 
used in production. They work by raising the price of the harmful input, which 
makes its use less desirable to the profit maximizing firm. 

► Deposit/refund systems work by adding a refundable deposit to the purchase 
price of a new product. For exeimple, a consumer who purchases a lead acid 
battery and does not return it when purchasing a new battery would, in effect, 
see the deposit as a fee that would not be paid if a used battery were returned. 
This then provides an incentive for consumers to return the product in order to 
receive their deposit. A deposit/refund system should be largely self-policing. 
The deposit^refund provides an economic incentive when the spent product is 
returned for disposal (EPA, 1991). 

► Tax differentials provide a more favorable price for “green” products. 

Usually two surcharges are levied onto other product charges. A positive 
charge on a polluting product and a negative charge on a cleaner alternative. 
Differential taxing of leaded and unleaded gasoline is an example (OECDa, 
1992). 

Quantity Based Approaches: These approaches attempt to restrict the available quantity of 
an environmental resource and extends the market (via property rights) to the resource so it is 
more accurately valued in economic decisions. They work by creating scarcity for the “good” 
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(e.g., the air mantle or a water course) resulting in an increase in the price of the “good,” 
making it less attractive to a profit maximi 2 dng firm. 

► Marketable permits work by setting the maximum amount of pollutants 
allowed, as in a traditional approach, but then allows firms to “buy” units of 
pollution. There is an initial allocation of permits which specify the type and 
quantity of pollution allowed to be discharged. This creates a finite amount of 
pollution, which then creates “scarcity rent” for the “good.” Each firm is ’ 
allow'ed to buy and sell the discharge rights. 

► Concessions are basically a permit system generally applied to forest or mine 
reserves. They allocate, for a fee, the amount of the resource allowed to be 
extracted. These can have a powerful incentive effect if the fee charged per 
concession is high enough to discourage use of the resource. Concessions 
attempt to extend property rights to common property resource in order to 
increase its scarcity rent. 

► Auctions are very sumlar to the tradeable permit schemes. They specify a 
pven quantity of the resource, thereby limitmg its availability which increases 
its value. The regulator decides the quantity of the resource to be used and 

brings together buyers of the resource who bid until the “market clearing 
price” is reached (ADB, 1994), 


other Economic Incentives: Here are a host of other economic incentives that can be 

“ industrializing countries. These tend to be more tied to 
traditional command-and-control approach, but, broadly defined, they provide an 
economic motivation for better environmental and conservation practices. 

Enforcement incentives are tied directly to regulations. They are designed to 
encourage dischargers to comply with environmental standards and 
regidations. Enforcement incentives include noncompliance fees or fines 
performance bonds and liability assignment. They also include denial of’ 
public subsidies and partial or total suspension of plant operations. 

So'cH “■xil'''’"'* standards 

cnvSmenS 1 r f ‘"'=thod for 

mnS finS r? ’ -eak and when itls cheaper to 

monct^Tnl S f“f They provide a 

arc caught exceeding pollution standards. ^ 
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► Performance bonds are payments made to regulatory authorities before a 
potentially polluting activity is undertaken. The payments are returned when 
the environmental performance of the activity is acceptable. It allows a firm to 
use innovative techniques and processes without having to await government 
supervised tests or regulations. 

► Liability assignment provides incentives to actual or potential polluters to 
protect the environment by making them liable for the damage they cause. 

This ensures that victims of environmental damage are compensated. It also 
provides the polluter with the assurance that the costs of any environmental 
degradation will be duly assigned. The burden of proof is placed upon the 
polluter to prove the discharge harmless. 

► Voluntary Compliance Schemes mainly function as offensive actions by 
industry in response to perceived threats of stricter environmental regulations. 
These agreements rely on moral suasion and self-policing to affect behavioral 
changes in polluting enterprises. They specify what measures a firm is willing 
to take to prevent or mitigate pollution and the time frame for implementation. 
A company which values positive public relations with the local community 
may have a strong incentive for voluntary compliance. The Chemical 
Manufacturer’s Responsible Care program is an example. 


3.3 Price Based Incentive Mechanisms 

A price based incentive provides motivation for firms to reduce polluting behavior at any 
level that causes their marginal abatement costs to exceed the tax or charge. Pollution poses 
real costs to society in the form of deleterious health effects, property damage, various 
aesthetic impacts and ecological damage (i.e., lost species and habitat). Traditionally, firms 
have not had to pay for these damages and have had little incentive to consider them in 
production decisions.^ Price based incentives force firms to pay for the external costs of 
pollution, inducing firms to internalize externalities.^ 


^ In many cases, firms have had a disincentive to reduce pollution because it increases costs which puts that 
firm at a competitive disadvantage. It is more profitable to pollute when a market failure exists (where an 
externality is present). 

% 

^ Further reading on valuing the environment and the costs of pollution can be found in Varian (1987), 
Titenberg (1992), Stavins and Whitehead (1992), Pigou (1932), Munasinghe (1993, 1995), Loeham and Conner 
(1974) and Kneese and Schultze (1978). 
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By charging producers of pollution a fee or tax on the amount of pollution they generate, the 
government provides them with an incentive to reduce pollution up to the point at which their 
marginal costs of control are equal to their pollution tax rates. Each economic agent (a firm 
or individual) will abate to different .levels based on their marginal control costs. An effective 
system minimizes the aggregate costs of pollution control and enables the public to pursue 
higher levels of environmental quality than might have been affordable under less efficient 
Qommand-and-control approaches (Stavins and Whitehead, 1992). 

Perhaps the most important feature of an appropriate pricing mechanism (especially for an 
effluent or emission tax or an input tax) is the powerhil incentive it gives finns to develop 
improved control technologies. It encourages pollution prevention as a means of reducing' 
their tax bill. If less pollution is created, less is paid. In the case of a tax on industry aU firms 
in the industry face the same situation, and those firms that can produce cleaner and more 
efficiently have a competitive advantage. A price based incentive internalizes the externality 
by making it profitable to reduce pollution, thereby making it profitable to seek “cleaner” 
production, activities or products. 

When designing a price based incentive mechamsm, the following policy effects should be 
taken into account (Anderson): 

► Economic Efficiency and Innovation: An initial aim of environmental taxes 
is to raise the price of pollution or environmentally damaging products and 
practices such that the external costs to other parties, both present and future, 
are reflected in the price. The higher prices act to regulate the level of 
pollution or the damage to an asset. They also raise public revenue and private 
financial resources for the further reduction of pollution or for the 
maintenance of an asset.* 

► Innovation and Substitution; Once taxes or regulations are implemented, 
products and practices change. Three types of changes may occur: 

° Quantitative effects - arising fi:om demand and supply reductions. 

Substitution effects - towards less polluting or damaging products or 
practices. 

° Innovation - in the direction of less polluting or damaging products or 
methods of production. 


prices rise to P - MC )- n„v kx = MEC. and aJL nr iir’^rlla"" “nposition ofa tax, 


MEC, and tlie use of the offending product or practice declines. 
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Under appropriate incentives, innovations and substitutions which reduce environmental 
damage are the rule—not the exception. They can lead to greater pollution reductions than 
taxes or regulations alone,^ 

Price based incentive mechanisms have several institutional advantages over a CAC 
approach in terms of cost and feasibility. Environmental taxes on commercial energy, 
fertilizers and agro-chemicals could be grafted onto existing taxes on those commc^ities. 
Taxes have long been a favored form of taxation in industrializing countries because of their 
administrative convenience. For many problem areas environmental taxes would work 
through existing administrative arrangements and would be operationally feasible. The tax 
approach is theoretically better than the CAC alternatives in terms of: 

► efficiency 

► administrative convenience and feasibility 

► information intensivity 

► revenue raising 

► rent seeking. 

The magnitude of the difference in costs between the two approaches depends on both the ^ 
absolute and relative levels of the marginal cost curves. If marginal abatement costs are low, - 
so is the absolute magnitude of potential savings. If the curves are very similar across / 
pollution sources, the potential for cost savings is small. The savings become greater as the 
discrepancy between the marginal costs increases (Vincent, 1995). 

An input tax is levied against harmful productive inputs. The tax is not linked directly to 
pollution levels. The tax is useful in situations where there is a strong link between an input 
in a production process and environmental degradation. It is a powerful incentive to induce 
pollution prevention because it is aimed at reducing the use of a harmful input instead of 
treating a problem that has already been created. 

A product charge is most useful in cases where there already is a regulatory system in place 
to collect taxes. In areas where taxes are applied to consumer goods, product charges can 
easily be applied. These charges are directly linked to a harmful product and raise the cost of 
the product, thereby making it less affordable. 


Price based incentive mechanisms can be applied to consumers or producers. For example, 
input taxes and emission/effluent charges eire directed towards producers while product 


^ Regulation forces P = MC +MUp by reductions in quantity produced or the installation of new control 
technology. It may, or may not, achieve the greatest reduction in pollutants, but will still force prices to rise to 
the marginal external cost. 


Environmental Pollution Prevention Project 



EcoNOiVfic Incentives for Cleaner Production ► 17 


charges and user fees also have applications for consumers. All price incentive mechanisms 
are aimed at increasing the marginal cost of using the product, practice, resource or input to 
be inclusive of the marginal social cost. 


3.4 The Application of Price Incentive Mechanisms 


The available evidence suggests that price incentives that are in use throughout the world 
today tend to be set too low to provide sufficient incentive for firms and individuals to 
significantly change their behavior. Often, firms and individuals prefer to pay the charge 
because it is more cost effective than abatement. Many of the incentive mechanisms that have 
been us^ were primarily designed not as incentives to reduce pollution or change production 
processes but to raise revenue for the government. In the few cases where the main objective 
of the policy was as a true “incentive” mechanism, they have proven to be highly effective. 
Those economic incentive mechanisms that have be applied in industriali 2 !dng countries have 
also been hampered by market distortions that at best limit their impact and worse, can have 
detrimental environmental impacts. 

3.4.1 User Fees 


User fees are imposed on the use of a resource. They attempt to raise the price in order to 
reduce demand. The higher price of the resource encourages more efficient use. 

Deforestation 


Indonesia. Indonesia implemented a flat tax of $4 per cubic meter on forest products in an 
attempt to extract more rent fiom the clearing of forest reserves.'® They then raised it to $10 
per cmbic ’u 1990 (ADB, 1994). In response to this tax increase, harvesters began 
g -grading, or extracting only trees with high market prices while mangling and 
estroying lower value trees in the process. The low value trees were made too expensive 
relative to their market value by the tax, so they were left unharvested. The raising of the flat 
ax rate on ^ees only increased environmental damage, without increasing revenues or rent 

could be sold for profit were destroyed and left uncollected in the forest 
because the tax made it economically inefficient to harvest them. 


all pL^rtavolved (U *at accrue to 

mvoivea(,i.e, pruhts to the forester and revenues generated hv ^ \ t 

rents implies greater economic efficiencv. It is the coal ^ ^ ' uicomes earned etc.). Increasing 

action as possible. When an a^ent is nrofit m-ivi ^^S^nts to gam as much rent from any 

efficient position available in That market maxmium rents are being created. This is the most 
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Sarawak- In contrast, Sarawak levies differentiated tax rates based on the market value of the 
trees (ADB, 1994). High value trees are charged at a greater rate than low value ones. This 
ensures that all the trees from a given concession are harvested, increasing the amount of rent 
captured from the forest. This leads to a more efficient use of the natural resource. 

Sabah. Sabah implemented a tax of $8 per cubic meter of wood. While this policy led to a 
closure of 1/3 of their 200 sawmills, it generated tax revenue that could be used as 
compensation. Sabah has been the most successful at capturing rents from forest reserves 
(logging activities). Their aggressive tax policy pegs royalties to world prices, and as a result 
they collect sixty to eighty percent of this rent (ADB, 1994). 

Philippines. The Philippines has raised forest charges to $10 per cubic meter, and combined 
the charge with a reforestation deposit (ADB, 1994). This should increase the costs of forest 
use, which should reduce the incentive to enter the market. 

Fish Reserves 

Pacific Region. The South Pacific Fishery Forum Agency (FFA) negotiated a lump sum 
access fee applied to foreign fishing fleets. In 1988, the United States paid over $49 million 
in rent taxes to Pacific island parties. While the user fee applied to the fishing industry may 
have lead to high grading of fish reserves (increasing catch value by discarding the lower 
value catch back to the sea), the FFA monitored the fleets by sending observers on 20% of all 
trips (done by American fleets). The US industry agreed to meet the cost of the observer 
program as part of the 1988 treaty. The FFA calculated its total annual access fees were only 
about 3% ($30 million) of the total value of the fishing industry (ADB, 1994). 

Cooperation between countries who share a resource to restrict access to common property 
resources is one way to address the problems of property rights and lost rents. The user fee 
also generates revenues which can be applied to administrative costs or other environmental 
problems which are not self financing. A lump sum access fee (a type of user fee) can lead to 
over fishing of the resource if not carefully monitored. While it does provide increased rent 
capture for the government(s) collecting the fee, it also provides financial incentive to 
continue fishing to maximize profits and recoup the fees by increasing catch size (ADB, 

1994). 

West Indian Ocean. The West Indian Ocean Tuna Association is based on the FFA 
program. This association, representing Camoros, India, Kenya, Madagascar, Maldives, 
Mauritius, Mozambique, Seychelles, and Sri Lanka, helps to integrate user fees and 
enforcement efforts for tuna (ADB, 1994). 
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Mining and Mineral Extraction 

Pacific Region. User fees have been used to extract rents from mineral resources for many 
years. Clear property rights and careful management of mining resources has allowed some 
countries in the region to extract up to 80% of the rent from extraction (when compared to an 
average of 15-30% for forest reserves). This impressive result can be attributed to the relative 
administrative ease with which fees could be levied against a small number of large firms^ .. 
However, in recent years regulators have lowered fees in an attempt to attract foreign 
investment. This has lowered the percent of rent capture per ton of minerals extracted (ADB, 
1994). 


Exhibit 1: Mining Taxes in Selected Asian Countries 


Country 

Royalty 

Corporate Income Tai 

Equity 

Participation 

Indonesia 

A royalty based on sales minerals. For 
coal, 13.5% of production is paid. 

Rp 0-10 million: 15% 

Rp 10-50 million: 25% 

Rp 50+million: 35% 

- 

Malaysia 

- 

35% 

- 

Papua New 
Guinea 

1.25% 

35%. Petroleum companies 
50%. 

10-30% 

Philippines 

Coal: not less than 0.2 peso/ton. 
Norunetallic minerals 3% based over 
actual market value. Metallic minerals: 
5% based over actual market value. 

35% 

• 

Thailand 

Source: ADB, I9i 

Sliding rate between 0-60% for tin and 
zinc- Flat rate of 2-20% for all other 
minerals. 

M. -- 

30% 

- 


Air Pollution - Urban Congestion 


nca. n an African country the potential for large financial costs stemming from the 
over oa mg of trucks led a donor agency to attach the implementation of truck weight 
- ^ restriction on financial aid. Although this policy was aimed at reducing road 

con.jlruction costs, it had important environinental impacts because truck 
■. ing, and condition affect the proper operation of trucks and their emissions. 


hridpc^ TL United Kingdom provided a number of mobile weigh 

thev were U ^‘asily operated by people without teclinical knowledge; 
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control points; they were accurate and reliable; and they could produce on the spot 
incontrovertible evidence that would stand up in court. It wa.s an adaptable user charge 
system, allowing authorities to collect on site fines or to enforce higher penalties through the 
courts. This is a classic example of the ^‘polluter pays” principle in which fees were assessed 
on those most responsible for the external costs. Unfortunately, this incentive mechanism 
was undermined by the fact that a large percent of the owners of overloaded truck fleets were 
senior government officials who were able to circumvent these fees. 

Solid Waste 

United States. In the state of Washington, King county uses a combination of tipping fees, 
variable rates for the quantity of waste collected (measured in the number of filled trash cans) 
and strives to build markets for recycled materials. Tipping fees are paid for waste disposal to 
the landfill 2 ind have increased by fourfold since the 1980s; these are intended to help cover 
the costs of cleaning up tlie landfills and complying with new regulations. The rates assessed 
for garbage pick up increase sharply for more than one trash can. It encourages residents to 
limit their trash pick up to one can per collection period. The rate increases approximately 
40% from one can to two. The state of Washington also created a Commission for the 
creation of markets for recycled goods and engages in extensive education programs. In 
1987, 18.3% of the waste stream was being recycled and by 1992, this figure jumped to 35%, 
indicating that the comprehensive program was successful in reducing the quantity of waste 
needing to be land filled (NAPA, 1994). 

3.4.2 Efflueiit/E miss ion Charges 

Emission and effluent charges are used to encourage the control of air emissions, wastewater 
discharges, and noise. They have generally been applied to wastewater discharges more than 
air emissions because it is often easier to identify and monitor wastewater discharge points. 
Australia, Belgium, the Netherlands and the U.S. all apply charges on municipal and 
industrial wastes. These charges can target the overall quantity of pollution in a given area 
and pip vide incentives for firms to reduce pollution levels to the target level or below. VvTtiile 
effluent charges can achieve the same total level of pollution reduction as effluent standards, 
they equalize the marginal control costs among firms. Additionally, they encourage firms to 
find cheaper and more efficient ways of reducing pollution levels by providing a profit 
incentive for being “cleaner.” This results in a cost-effective outcome in which fewer 
economic resources are used to achie%e the same level of pollution control." Wfiile these 


" An excellent exposition on tlie economic efficiency issues presented here can be found in. Environmental 
anjNatural Resource Economics, by Tom Titenberg 1992. 

Pg 360-380. 
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charges can be designed to provide incentives to reduce pollution levels, many countries use 
these charges primarily to generate revenue rather then to have a deterrent effect. 

Water Pollution - Industrial 

Effluent charges are perhaps the most widely used economic incentive mechanism. Malaysia, 
.prance and Germany are noted for their early and effective use of effluent charges. 

Czechoslovakia and Italy. These countries use dual effluent charge which combines a 
permit and base licencing fee with a variable fee based on the quantity of effluent discharged. 
This type of hybrid economic incentive and CAC system is popular with governments 
because they ensure a certain level of revenue generation. Italy’s program was designed to 
encourage the polluters to achieve-effluent standards as soon as possible (Titenberg, 198|8), 

Netherlands. The Netherlands employs a fee system that varies the fees based on quantity oi 
discharge, concentration of pollutants, and the location of discharge. Higher fees are paid 
depending on the environmental damages presumed to occur based on the chemical 
constituents in the effluent Charges are collected in conjunction with the electric bill of each 
firm. The results of this system indicate a 90 percent reduction in pollution in 15 years, and 
over $300 million in revenue has been collected (Hagler Bailly, 1994). 

France. France implements discharge fees in each of its six major river basins according to 
the concentration of pollutants, flow and location. Total fees are capped at 2.5% of value 
added at each industrial location. Fee rates are adjusted annually to recover the full cost of 

adrmmstering water pollution control programs within each of the six river basin authorities 
(Hagler Bailly, 1994). 


Germany, G^many collects industrial effluent fees based on flow, pollutant concentrations 
and toxicity of discharges to local fish populations. Fee rates are set just above pollution 

^ dischargers to reduce the quantity of discharge. Fees are reduced 

by half If CAC Iiimts are met. More than half of German industry meet the standards, 
evenues are used to finance water pollution control programs (Brown and Johnson, 1984). 

impose industrial effluent fees. Most 

on quality lociCn * ° ersey is an exception in that its effluent charge system is based 
of its regulatory pro 

of effluent charges a!^(lu^/feerUe°f'Thailand has used a combination 

waste itv Ihailand was set un on th M wastewater treatment facility for industrial 

■ana was set up on the Mae Long river which was highly polluted by sugar 
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mills. It was financed by charges levied on industrial users. In 1988, the Bang Khuntien 
Treatment Center was set up by the Ministry of Industry to deal with heavy metal 
contaminated wastewater. As of 1990, it has treated 8,300 tons of hazardous waste (ADB, 
1994). The private company responsible for running it recovers its operating costs by levying 
a waste treatment fee on all factories which use it. The fees vaiy with the type and quantity of 
waste to be treated and the distance over which it must be transported. In addition, as an 
incentive for firms to use the facility the government assesses a fixed charge of 70% of 
treatment costs for each company’s waste, irrespective of whether it uses the facility. This 
dual charge system ensures that firms have an incentive to use the facility as well reduce 
emissions (OECDa, 1992). 


3.4.3 Product Charges 

Product charges are based upon the potential pollution of a product. They are not linked 
directly to the level of pollution created, but on the long-term environmental problems 
created by the use of the product. Product charges function like effluent charges in that they 
allow risers to determine the most cost-effective means for reducing the use of polluting 
products. They allow for a market allocation, which should reduce use of the harmful product 
or practice. 

Soil Erosion/Conservation 

Netherlands. The Dutch Manure Surplus charge appears to be an effective pollution-control 
incentive. The charge is based on the phosphate content of manure above and beyond the 
amount farmers are allow^ed to put on their land (OECDa, 1992). The taxing of fertilizers 
above a stipulated quantity provides an incentive to farmers to reduce the use of fertilizers. 
The imposition of a tax creates a higher price which reduces the use of fertilizer. When too 
much fertilizer is applied to crops the excess runs off and can create water pollution problems 
(increased nitrogen and phosphate levels in downstream water bodies) and health hazards. 

This charge is easily applied, and requires little administrative information. The regulator 
does not need to know who the individual farmers are who apply too much fertilizer, since it 
is applied directly to the product when it is purchased and collected by the retailer who sends 
it to the appropriate agency. The surplus charge incorporates market forces by increasing the 
price of fertilizer, and thereby achieves pollution reduction \^ithout direct governmental 
control of fertilizers. It leaves the decisions about how much fertilizer to use to the individual 
fanner. 

Solid Waste 
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Norway and Sweden. These countries apply product charges to ba.tteries, fertilizers and 
pesticides (OECDa, 1992). The product charge raises the price of the harmful product, which 
can make it less desirable and reduces its use. Since these charges are assessed on the product 
itself, they are less information intensive than comprehensive CAC regulations on the 
producer of the harmful product Production of the harmful product will be reduced if the 
price was high enough to reduce demand by a large enough proportion. 

Italy, Italy levies a tax on plastic bags which is paid by manufacturers and importers 
(OECDa, 1992). By assessing the fee on manufacturers and importers, who in turn raise the 
prices to consumers, demand for plastic bags is reduced. This is an attempt to encourage 
conservation, reuse and substitution of plastic for a more environmentally friendly way to 
package consumer goods. This tax is easy to collect and administer since the number of 
suppliers of plastic bags is far less than the number of consumers and users. 

Hazardous Wastes 

Germany. Germany applies a product charge to lubricant oils. The eunount of improperly 
disposed waste oil dropped to 5,000 tons per year in 1989 (a decrease from 92,000 tons in 
1979). 

Italy. Italy employs a product charge on lubricant oils. Waste oils collected increased from 
55,000 tons in 1985 to 105,000 tons in 1986 (OECDa, 1992). 


3.4.4 Input Taxes 

Input taxes are linked to environmental degradation, but not to the amount of pollution 
created by a product. They attempt to increase the price of harmful inputs in order to 
encourage firms to decrease their use and engage in input substitution. By increasing the 
price of one input relative to another, a profit maximizer will chose the least-cost alternative. 
These ta.xes make the cleaner alternative the least-cost alternative. 

Green House Gas Emissions 


Iiidiu, Indonesia, Japan and Pakistan. These countries have employed a carbon tax wh,^.* 
has had Significant cnviromnental impacts. A carbon tax is an input tax because it is a fee 
evict against the amount of carbon contained in coal, which is an input in many production 

processes e.g. povver generation). Exhibit 2 shows the reduction in sulfur oxides, nitrogen 
oxides and particulate emissions. 



Economic Incentives FOR Cleanlfi Production ► 24 


Exhibit 2: Reductions of SOx, NOx and Particulate Matter (PM) caused by a $I0/ton 
Carbon Tax, 1987 


Emissions 
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2,207 

15.9 
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1,600 
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321 


NOx 

2,090 
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434 

3.8 

1,400 

1.2 

203 

3.8 

PM 

1,192 

15.3 

87 

5.0 

463 

0.6 

44 
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Source; ADB, 1994 * in tons per year 


3.4.5 Deposit/refund Systems 

Deposit/refund systems' can range from administratively complex to simple. If the 
deposit/refund is applied to products contributing to hazardous waste problems (like lead- 
acid batteries, containers for pesticides etc.) then more monitoring and enforcement 
a dmini stration is needed. In the case of mining and forestry deposib'refimds, the system can 
be attached to existing permit or concession systems. In the case of beverage containers, 
making it the responsibility of the retailer (as in the Michigan experience) should result in 
high rates of return with nearly non-existent administrative costs. 

Solid Waste - Municipal and Industrial 

Korea. Korea has introduced a deposit/refimd sy^stem for a number of products which 
contribute to waste disposal problems. They include food and beverage containers, pesticide 
containers, batteries, tires, lubricant oil and plastics. As of mid 1992, the deposits paid totaled 
$16.9 million while refunds amounted only to $38,000. This suggests the system provides 
little incentive to recover waste products. This can be attributed to the low deposit/refund fee. 
Taiwan has also begun to implement a recovery system for 12 types of solid waste, including 
used tires, aluminum cans, waste paper, etc. Details on the effectiveness of this system are 
not yet available (OECDa, 1992). 

India, Syria, Lebanon, Egypt and Cyprus. Throughout these countries, deposit/refund 
systems for beverage containers are widespread, and all have deposit/refund schemes for 
carbonated beverage containers made from glass. 

Australia, Canada, France, Germany, Switzerland and the U.S. These countries all have 
adopted deposit/refund schemes for specific kinds of beverage containers (e.g., different 
grades of plastic, glass and aluminum). Denmark, Finland, Norway and Sweden are 
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^\iasidering the implementation of similar systems for batteries with high mercury and 
cadmium content. 

Norway. Norway has used a deposit/refund system for car hulks since 1978, resulting in 90- 
95% of car hulks being returned in Norway (OECDa, 1992). 

United States, The U.S. has a wide range of experience with deposit/reflmd systems. The 
state of Oregon has had a mandatory deposit on soft drink and beer containers since 1972. 
The states of California, Connecticut, Delaware, Iowa, Maine, Massachusetts, Michigan, 

New York and Vermont all have beverage container deposit schemes in place. Oregon 
repor^ a reduction in all roadside litter of 75-85% just two years the ipiplenientation of a 
deposit/refimd system. The state of Rhode Island provides a mandatory deposit on all 
automobile batteries. Startmg in 1989, every battery sold was required to have a $5.00 
deposit paid at the time of sale. The payment of the deposit was waived if a used battery was 
traded in at the time of purchase. The state of Massachusetts has implemented a program that 
charges a deposit $0.50 per quart of oil purchased, which is refunded if the customer brings 
back used oil when purchasing hew oil. This policy was aimed at reducing the amount of 
waste oil illegdly disposed of by do-it-yourselfers (API, 1990). 

An extensive study of the Michigan experience shows the net effect of the 1978 “Bottle Bill” 

to be positive. Although the Michigan deposit was 10 cents per bottle, it seems that deposits 

as low as 2-5 cents per bottle will induce significant return of beverage containers. Roadside 

litter decreased-by as much as 85% as a result of the mandatory deposit, and the quantity of 

littered containers fell from 1512 to 19.3 million per year.*^ It is estimated that the deposit 

reduced the per mile clean up cost by 13.2%. When multiplied by the total road mileage in 

i.c ij;,an and compensating for the differences in municipal and rural clean up costs, savings 

around $4 million. If the cost of solid waste disposal is $30 -50 per ton (in 

lyyy dollars) and a 6.0% reduction in solid waste occurred (7 million tons of solid waste 

generated per year), tlien the “Bottle Bill” lead to a reduction of around $18 million in solid 
waste costs. 


Mining 


Malaysia. Malaysia uses deposit/refunds 
MS 1,000/acre in Johore to M$5,000/acre 


to rehabilitate mined areas. Deposits range from 
in Kuala Lumpur and Selangor. 
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Indonesia. In the 1980s, Indonesia levied a forestry deposit fee on loggers which would be 
refunded upon the replanting of a logged concession. Similar to the other deposit schemes 
gbove, the fee was simply treated as an additional cost. The per hectare fee was a small 
faction of the actual costs of replanting, so the logger had no incentive to replant. Even a 
doubling of the fee was not expected to create an incentive effect (ADD, 1994). 

Philippines. The Philippines has raised forest charges to $10 per cubic meter combined with 
a reforestation deposit (ADB, 1994). This has proven to be a fairly successful system, as it 
provides funds to rehabilitate degraded areas, whether or not the refund has been collected. 

3.4.6 Tax Differentials 

Tax differentials are designed to encourage the use of one input or good over another by 
charging a higher tax on one product and a lower tax (sometimes a rebate) on an 
environmentally friendly good. These are most often used for different fuel types because the 
legal and administrative framework already exists. Tax differentials are easily integrated with 
existing taxes. See Section 3.9.2. 


3.5 Lessons from the Application of Price Based Incentives 
Mechanisms 

The experience of both industrialized and industrializing countries in using price based 
incentive mechanisms has shown that successful implementation depends upon several 
conditions. Key conditions include the following (Heaton, Repetto and Sobin, 1990): 

► The agency responsible for environmental policy must have sufficient 
technical knowledge to formulate and implement economic incentives, and 
polluters must have the knowledge needed to respond appropriately. 

► The legal structure must adequately define property rights and establish the 
authority to implement and enforce incentive systems. 

► A country must ha\'e a competitive market that is relatively free of market 
distortions. Prices and competition must play a meaningful role in a nation’s 
economic structure and in the decisions of those responsible for pollution. 

► The responsible government agency must have the fmancial and 
administrative capacity to initiate, monitor and enforce incentive programs. 
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► The application of economic incentives must gain the accep^ce of &e 
government, the community of polluters and those affected by polluUon. 

While these conditions are important for all countries, certain condihons exist m many 
industrializing countries that could limit the application of pnce mcentive mec^sms. For 
example, securing and enforcing exclusive property rights is a sigmficant problem m nmy 
countries especially those in which cultural traditions are based on co^t^ access nghte to 
fishing, grazing and forests. In areas that have communal property nghts, individuals tend not 
to have the incentive to conserve resources or reduce pollution. 

Another problem in many industriali^g countries is the governmental control ot and access 
to, resources both natural resources and productive resources. As the owners of these 
resources, a government typically does not respond to price incentives. This is true for 
countries that have state owned enterprises. Typically, state owned enterprises and firms are 
not strongly bound to market signals; therefore, plant managers have little mcentive to 
inininiize costs, as profits may not accrue solely to the facility in question. Economic 
instruments are most effective where firms are sensitive to changes in price because they are 
in competitive markets and are constrained by profit maximization (cost minim ization). The 
Eastern European experience with pollution charges shows that in conditions where such 
charges have little influence on the objectives of managers (who may be only loosely 
committed to cost control and profit maximization), a price mcentive mechamsm is likely to 
fail. 


3.6 Quantity Based Approacees 

Quantity based approaches attempt to create a market for “goods” that are currently outside 
the market system. When property rights are extended to the externalities, they can be traded 
as any other property or commodity. Tradeable permits are the most common form of a 
market creation mechanism. A tradeable permit scheme works by setting the maximum 
amount of pollutants allowed, as in a traditional CAC approach, but then allows firms to 
“buy” units of pollution. There is an initial allocation of permits which specify the type and 
quantity of pollution allowed to be discharged. This creates a finite amount of pollution, 
which then creates “scarcity rent” for the “good.” Each source is allocated a portion of the 
total amount of pollution which is usually based on existing ambient quality standards. Lfnder 
this system, firms with low abatement costs would are encouraged to adjust their processes in 
order to take advantage of being able to sell excess pollution rights to firms with higher 
abatement costs (EPA, 1991). ' 

Under a tradeable permit program established under the Clean Air Act in the U.S., any source 
that reduces discharges more than is required by the standard can apply to the control 
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authority for an emission reduction credit (Bernstein, 1993). The emissions reduction credit 
BRC), defined in terms of a specific amount of a particular pollutant, can be used to satisfy 
[^mission standards at other discharge points controlled by the same source, or it can be sold 
;o other sources. The ERCs may be applied internally through netting, bubbling or offsetting. 
They also may be banked for future use or sale. This provides an incentive for firms to reduce 
pollution discharges so they can sell excess permits, and avoid the cost of having to purchase 
additional units of pollution. The permit system works by extending property rights to 
pollution, thereby engaging traditional market forces. 

► Bubbles. The name derives from the placing of an imaginary “bubble” over a 
plant, with all emissions exiting at a single point from the bubble. It allows a 
plant to sum the emissions from all sources within the plant and adjust the 
levels of control applied to different sources as long as the aggregate limit is 
not exceeded. The managers of the plant have the flexibility to select a set of 
controls to achieve the limit, rather than having to conform to specified 
treatment procedures for each source of discharge within the plant (Journal of 
Law and Economics, 1995). In theory, a bubble can be used for more than one 
plant or firm, thus involving external trading. 

► Netting, In netting firms can avoid stringent emissions limitations on new 
sources of discharges by reducing emissions from other sources of the 
pollutant within the plant. Thus, net emissions would not increase 
significantly. A firm using netting is allowed to obtain the necessary ERCs 
only from its own sources. 

► Offsets. Offsets involve internal or external trades in “nonattainment areas.” 
Under this system, new sources can locate in nonattainment areas as long as 
they offset their new emissions with larger reductions by acquiring ERCs from 
existing sources. Offsets allow for external trading. 

► Banking. Banking allows firms to store ERCs when they exert greater control 
over emission than is required by the existing technology standards. 

Tradeable permit schemes can be applied to air and water pollution, as w^ell as to a myriad of 
other environmental concerns Most countries have used tradeable permits to address air 
pollution concerns. Permit schemes attempt to create a market for pollution by assigning 
property rights. 

In a market where there are a significantly large number of firms engaged in polluting 
activities, discharge reductions can be obtained by creating a market for the pollution and 
allocating the number of permits at a level slightly lower than current levels. For example 
allocations could be made at 90% of current levels. The regulator could also design the 
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system to incrementally decrease allocation levels over time. This would minimize the 
economic impacts by giving industry a sufficient quantity of time to invest in cleaner 
production technologies and processes. 

3.7 Application of Quantity based Approaches 

3.7.1 Tradeable Permit Systems 


For permits to serve their purpose as incentives for behavioral changes, total emissions levels 
must be set so that emission permits are relatively scarce. Scarcity makes the permits 
valuable to polluting firms, creating incentives to trade pollution among firms. Marketable 
permits shift decisions about the design and location of pollution control equipment form 
government agencies to plant operators who have greater information about their plants’ 
operations than public officials. Available evidence shows unit abatement costs are lower 
with permits than with regulation. However, the evidence is ambiguous as to whether permit 
systems provide greater stimulus for innovation in pollution control technology than 
regulatory systems. 


Air Pollution - Industrial and Green House Gas Emissions 

United States. The United States has the most extensive experience with emissions trading 

propanis and tradeable permits systems. The EPA’s Emissions Reduction Credit Program is 

designed to encomage compliance with the 1990 Clean Air Act The United States’ 

ermssions reduction program operates nationwide and covers most of the significant 

stabonary pollution sources. The program attempts to reduce emissions that cause acid rain 

k f ^ ^tenous environmental and health effects. The five main air pollutants covered 

Th nitrogen oxides (NOJ, particulate matter (PM), sulfur oxides (SoJ 

CPRn tradeable commodity is the emissions reduction credit 

same nlatiT T ® reducing sources of pollution elsewhere, either within the 

same plant, firm or industry (Journal of Law and Economics, 1995). 

^Md^d^ouever |‘“°wed is the same under a pennit scheme as is set by a CAC 

“SroU r 'hat is variable. Over 200 

thousand tons o^f noil, occurred since the implementation of the program. Ten 

and the effect of reimlarion nt a total value of $2 billion. Transaction costs 

costs and their effect on the incentive m.' is the magnitude of transactions 

many instances, the burdensome mr. ■> trades (trades betvieen fimis). In 

prohibitive, and transaction costs exceeded governing trade were 

and Economics, 1995 ). ® value of the credits traded (Journal of Law 
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Emissions trading can save large sums (up to 90 percent of control costs according to a 1982 
GAO study) of money. However the actual number of emissions trading that took place in the 
U.S. represents a small portion of all air emissions. According to the American Petroleum 
Institute (1990) savings from trading (when estimated at face value of the traded permit) arc 
at the most $ 5.5 to $12.5 billion, an approximate 2 to 4 percent of total air pollution control 
expenditures. 

Poland. Poland is considering an emissions trading program loosely based on the U.S. 
program. Some have noted that many of the problems with the U.S. system are regulatory in 
nature and not intrinsic to the trading permit scheme.’^ The most important problems may be 
less serious with a wider trading scale, and many resulted from the limited market structure. 
With a greater number of firms the full effects of substitution and innovation (i.e., pollution 
prevention) should be achieved by tlie incentive. 

In Poland a limited trading scheme was implemented in Chorzow, a city in Upper Silesia, in 
1992. In Chorzow, there was significant pollution from two plants. A steel mill and a power 
plant. The steel plant had already invested in equipment to reduce emissions, such as closing 
coke ovens and piping in natural gas. The power plant, however, is outdated and out of 
compliance. It considered modernizing its fluidized bed boilers, but the capital expenditure 
was prohibitive. As reducing output is not a viable solution for reducing pollution, its only 
alternative is to invest in control technology. To take advantage of the steel miH’s lower 
abatement costs and more modem facilities, regulators engaged in a limited trading scheme 
between the two firms in order to minimize the total abatement costs. However, this plan was 
never fuUy implemented because it lacked the full support of local ofBcials. Poland also 
experimented with a coal tax that was meffectual. The results showed that pollution control 
policies need to be broad-based to reduce emissions at a reasonable cost. Focusing on a 
limited number of fuels or sources is likely to be ineffectual and expvensive (Bates et al, 

1994). 

Hazardous Wastes, Industrial Air Pollution 

United States. One of the earliest trading programs in the U.S. was a program for phasing 
lead out of gasoline. The EPA mandated a quarterly average for the lead content in gasoline. 
Refiners and importers were allowed to sell lead use rights so longs as their individual 
average lead concentrations did not exceed the limit. The lead trading program created 
clearly defined property rights to refiners and importers of gasoline. Hus created a market 
with hundreds of participants. Lead rights were traded in the range of three fourths of one 
cent to over 4 cents per gram of lead. The existence of trades implies that there were 


Regulatory difficulties in the US case include: monitoring, verifying trades, guarding against market 
power, and reconciling emission controls with ambient air conditions. 
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efficiency gains due to the lead trading program. EPA estimated just over 10 billion grams of 
lead were banked, which had the potential of saving refiners $226 million. This represents an 
average savings of 2.5 cents per gram of lead banked (API, 1990). This implies a net 
reduction in the lead content of gasoline without costly mandates. 

fish Reserves 


Australia and New Zealand. Individual transferable quotas (ITQs) are assigned to 
fisherman according to their historic catch or by auction. They are allowed to trade the ITQs. 
The most efficient fishermen can buy extra quotas while inefficient fisherman can sell them 
and be compensated for relinquishing their fishing rights. In Australia the number of fishing 
vessels fell from 136 in 1984 to 63 in 1987. As a result of the trading scheme, the value.of 
each ton of fish caught has increased five fold from the harvest of more mature fish. 

Bangladesh. In Bangladesh, the jilmahals (traditional fishing rights) were leased on a yearly 
basis to the highest bidder. However, this failed to reduce rent dissipation and open access 
fishing since the licensees were non-fishing middlemen who then collected tolls that were up 
to 33% of the value of the catch. The middlemen rigged the auction to keep prices down and 
allowed as many fishermen as possible to fish, drastically reducing the average income to the 
fishermen. This policy was changed in 1987 so that only fishermen could buy leases (ADB, 


3.7.2 Auctions, Actionable Permit Schemes and Concessions 

When the government wants to limit the use of an environmental good (or product that has a 
potentia y damaging impact), it can allocate the “rights” to that good through auctions or 
When demand is high, the price at which the good can be sold is increased, 
mereby increasing its overall value to the producer or consumer. 

Ozone Depletion 
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sensitive market. I'hc auction aliovv's the government to collect a large portion of the quota 
rents, which are then used to subsidize recycling services and the diffusion of alternative 
cleaner production technologies (OFXDa, 1992). 

Deforestation 

Sarawak. Sarawak used sealed tender auctions to sell forestry concessions. Almost 40% of 
the total forestry concession has been disposed of by these sealed auction bids. Prices range 
firom M$0.2 to M$0.3 per ha.(ADB, 1994). 

Air Pollution ~ Nonpoint and Urban Congestion 

Singapore. In 1976, Singapore implemented the Area Licensing Scheme which requires a 
permit for cars to enter the city during the morning rush hour. The permits cost around $3 a 
day or $50 a month. Company cars are charged double. This has resulted in a 75% decrease 
in the number of vehicles during rush hour and a 20% increase in bus commuters, a 50% 
increase in car pooling and substantial reductions in downtown air pollution (ADB, 1994). 


3.8 Lessons from the Application of Quantity Based 
Approaches 

Overall, the experience with tradeable permits has proven to be cumbersome. Their 
application, especially in the U.S., has been hindered by lengthy litigation, argument about • 
baseline levels and the need for governmental approval at all steps (OECDa, 1992). In 
addition to the elements highlighted in Section 3.5 for the successful use of price based 
incentives, the key elements needed for the implementation of a permit trading scheme and 
quantity based approaches are; 

► Enforceable Property Rights. Firms responsible for pollution must be held 
accountable for pollution. The permit must specify the type and quantity of 
pollution the firm now owns. The property rights must be exchangeable. The 
profits or losses from sale must accrue solely to the owner of the permit. 

► Competition. A significantly large number of firms must be walling to 
participate in trading, and that those firms respond to price signals from the 
market. Firms must be profit seekers. 

The creation of markets entails the extension of property rights to pollution in order to create 
a basis for trade. Once property rights have been extended to the production of pollution, 
firms will respond to price signals. This provides firms with incentives to reduce pollution 
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through the use of cleaner production technology and other abatement actions. Tradeable 
permits are one of the most extensively used market incentives, and can be successfully 
implemented in industrializing countries. However, if the system is improperly designed it 
can lead to unduly expensive transaction costs in its implementation. 


3,9 Other Types OF Economic Incentives 

When defiiied broadly, economic incentives can include a host of other t]ypes of policies that 
provide some incentives to individuals and firms to improve their environmental practices. 
These measures are generally used with command-and-control regulations as a means to 
improve their effectiveness, 

3.9.1 Tax Incentives 

Tax incentives include tax breaks, subsidies and transfer payments for cleaner production, 
processes or practices. These are generally applied to industry and finns to encourage them to 
switch to less damaging practices. 

Inefficient Production Practices 

Thailand, The Ministry of Finance in Thailand discounts the standard tariff on imported end- 
of-pipe waste treatment technology as an incentive for firms to invest in environmental 
improvements. By 1989, only $7 million worth of technology eligible for the reduced tariff 
had been imported. The incentive does not appear strong enough to induce higher investment 
levels. In an attempt to improve environmental quality the government is considering 
extending the tanff discount to clean process technologies. The quasi-govemmental 
Industrial Finance Corporation of Thailand provides financing for pollution abatement 
technology, helping to alleviate investment fund deficiencies prevalent among small to 
medium size firms in industrializing countries (OECDa, 1992). 

Indonesia. In Indonesia the Ministry of Population and Environment implemented an import 
tax reprieve for waste treatment equipment (OECDa, 1992). 

Japan. The Japanese government offers a number of tax incentives for pollution control 
nvestments. These include accelerated depreciation schedules for pollution control facilities 
uid for non-polluting processes. They also offer exemptions from the fixed asset and 
msmess taxes for investments in pollution control facilities (OECDa, 1992). 


Environmental Pollution Prevention Project 



Economic Incentivks for Cleaner Pkoductjon ► 34 


Deforestation 

Sabah and Sarawak. Between 1990 and 1992, Japanese firms invested over $100 million in 
wood related business in Malaysia (ADB, 1994). Increased foreign investment can result in 
cleaner, more efficient production techniques that minimize raw material inputs and waste. 
Cleaner technology investments can eliminate the need for costly waste treatment procedures 
at the end of the production process. It can also lead to higher profits for the industry 
resulting from decreased input costs and higher product quality. The environmental 
ramifications of cleaner process technology investment are substantial. 

3.9.2 Tax Differentials 

Tax differentials attempt to influence behavior by taxing an environmentally damaging 
product at a higher rate than a cleaner alternative. 

Hazardous Wastes - Air Pollution, Nonpoint 

Thailand. The Thai government subsidizes the price of unleaded gasoline to make it 
competitive with leaded gasoline. The subsidy on unleaded gasoline is financed by a surtax 
on leaded gasoline. Unleaded gasoline was introduced in May 1991, at a discount rate of .30 
baht (1.2 US cents) per liter relative to leaded gasoline. Currently unleaded gasoline accounts 
for roughly 25% of the market in Bangkok. As a result of the price differential, a thriving 
market for the refitting of lead to unleaded burning engines has developed. The price 
incentive is reinforced by regulation. After September 1 1993, all new cars sold were 
required to be equipped with catalytic converters. This has the beneficial side effect of 
increasing the demand for unleaded gasoline (OECDa, 1992). 

3.93 Performance Bonds 

Performance bonds are similar to a deposit/refund system. The deposit is paid to the 
government and returned upon satisfactory environmental performance. 

Deforestation 

Philippines. The Philippines uses a performmce bond to encourage foresters to replant 
logged concessions. The bond is $400, but it costs over $500 to replant a hectare of forest. As 
a result, it is cheaper to forfeit the bond than replant the logged concessions (ADB, 1994). 

3.9.4 Subsidies 
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Subsidies have been widely used throughout the world. In most cases subsidies work only to 
exacerbate environmental problems. They create distorted prices that result in the inefficient 
allocation of natural resources and create artificially low prices or spur excess supply of 
goods. When inappropriate price signals are involved the market will not operate effectively, 
thereby wasting valuable often nonrenewable environmental goods. The agricultural sectors 
of nearly all nations are heavily subsidized. Farm income supports and accompanying supply 
regulations encourage high input agricultural techniques that generate serious non-point - .. 
solution problems (Heaton, Repetto and Sobin, 1990). 

Agricultural^ Soil Erosion and Energy 

Pacific Region. Input subsidies create distorted prices which undermine environmental 
objectives. Pesticide subsidies in Indonesia, fertilizer subsidies in Korea, subsidized energy 
(lignite in Thailand, energy prices in Korea and Thailand), and low water charges 
(everywhere) are common examples of input subsidies that create serious environmental 
problems. Japan stands out as an example of a country where high market determined energy 
prices have acted as a major stimulus to energy saving technical innovation. In 1988, Japan 
had the lowest energy intensity (measured as TOE per US$ 1,000 of GDP) of any OECD 
country, 0.27 compared with an average of 0.41 (ADD, 1994). 

Indonesia. Indonesia has recently reformed its pesticide subsidy policy. From 1976 to 1988 
the government subsidized pesticides to the extent of 82 % of the retail price, encouraging 
heavy use by farmers and endangering the rice crop due to the decline in predator populations 
and the threat of a major brown plant hopper infestation. In 1988, the subsidies were reduced 
to 40% of retail prices. While the subsidy element is still significant, the reduction combined 
with a ban on 57 pesticides and the introduction of an integrated pest management system has 
helped avert disaster (ADB, 1994). 

Deforestation 

Pacific Region. Subsidies for forestry activities that often lead to price distortions are timber 
processing, log export bans, reduced export taxes on processed wood, cheap credit, tax break 
for domestic wood processors. These subsidies are intended to protect the value added of the 
domestic processing industry, but often they result in severe environmental degradation. The 
export ban creates a domestic glut of logs which result in a decline in price, lowering profits 
in the industry (ADB, 1994). Logs are sold at an artificially low price and rent is lost. An 
export ban also encourages smuggling as harvesters and processors seek to sell at tlic higher 
international price. When smuggling occurs the domestic economy gains little to no benefit 
from the harvest of its forest, but incurs all of the costs. The underpriced processed wood 
means that valuable raintorests are being cleared and the economic value is not extracted. 
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Indonesia, Malaysia, Philippines and New Guinea. 7'hc heavily subsidized domestic log 
recessing industry in Indonesia and Malaysia has led to a glut of logs domestically, 
decreasing their value. IThc artificially low price of logs created by the subsidy and high rates 
of process inefficiency means the domestic timber processing industry has very low timber 
conversion rates and high costs. In Philippine mills, 30-50% of timber is lost during 
processing, compared to 15% in some industrialized countries. It is estimated that domestic 
timber processors in New Guinea lose K 100 per cubic meter of wood processed (ADB, 

1994). 

3,9.5 Voluntary Compliance Programs 

Pollution control agreements between industry and government (or local communities) are 
employed widely in Japan and Indonesia and on a more limited scale in other countries. 

Japan. In Japan, there are 33,000 pollution prevention agreements in effect (as of September 
30,1989). Between October 1988 and September 1989, over 2,670 agreements were 
concluded with 350 agreements in the metal and machinery industry and another 134 in the 
food processing industry. In 346 cases, the agreements involved some form of local citizen 
participation, with citizens reaching independent agreements with firms (i.e., without local 
government involvement) in 219 cases (OECDa, 1992). 

Indonesia. The voluntary compliance programs are known as Prokasih are intended to clean 
up the most heavily polluted rivers. Originally, major pollution sources along the 20 dirtiest 
rivers were targeted, although the scope was later expanded to include other endangered 
water bodies. Firms with the largest pollution loads were asked to draw up pollution 
abatement plans which would form the basis of the agreements. The agreements are not 
legally binding but have been effective in deterring polluters because the government 
occasionally publicizes the names of firms not honoring their agreements. There have been 
significant improvements in BOD and COD loadings in a number of rivers during the first 
two years of its implementation (OECDa, 1992).*'^ 

United States. The U.S. has a vast array of voluntary compliance programs. One of the most 
noted is the Chemical Manufacturers Association’s Responsible Care program. Even though 
it is a voluntary program it has been highly successful at inducing firms to implement 
pollution prevention and pollution abatement plans. The Chemical Manufacturers 
Association (CMA) is a nonprofit trade association whose approximately 175 member 
companies account for more than 90 percent of basic industrial chemical productive capacity 


BOD stands for biochemical oxygen demand and COD stands for chemical oxygen demand. These are 
Water quality measures that describe the pollutive capacity of the effluent discharge. The higher the BOD or 
COD load the more volatile the waste. 
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in the United States and Canada. To join CMA a firm must implement the Responsible Care 
program. The association acts as an advocacy group for chemical manufacturers, as well as 
providing research services on chemical products. The CMA implemented Responsible Care 
in 1989 which has become the framework around which CMA member companies operate. 
The operating mandates in the Responsible Care program include pollution prevention and an 
obligation to participate. 


The operational guidelines for the Responsible Care program attempt to create a 
comprehensive view of the chemical product, covering all aspects of the product cycle. The 
operational guidelines w^ere developed to change managements view of chemical 
manufacture to include making environmental and safety concerns a top priority. The focus 
of Responsible Care is in pollution prevention and encourages firms to reduce the toxicity of 
their products and processes. 

These principles and management practices attempt to cover all stages of a chemical’s life- 
cycle. Occidental Chemical Corporation installed a new de-watering system to remove 
solids from tank car washwater. They reuse the cleaned wastewater elsewhere in their 
manufactunng process. The new system reduced wastewater discharges by 5 million gallons 
per year and reduced treatment sludge by 70 tons per year. They also installed equipment that 
recaptures chloromethane from the waste stream, completely eliminating the hazardous 
component from the waste. At another one of their facilities an ion exchange system reduces 
mercury in e uent by 99 percent. They also implemented a process change that recirculates 
wastewater from the manufacturing process for reuse by their mining operation, this resulted 
in a sigm leant reduction in wastewater discharge as w'ell as reducing the quantity of water 
required for the mining operation. 


significant reductions m discharges in response to CMA's program. They 

by oS percent within two years, cut solid and hazardous wastes by 45 

™ wastewater discharged (and treated) by 50% per day. 

installed a ° carcinogens, ethylene oxide and propylene oxide. They 

loadine onent'r. system that recovers vapors from storage and weigh tank 

loading operations. This allowed the plant to reduce hazardous air pollutants by 90 perLnt. 

EP Vs ToZTelea^ICode of Responsible Care is measured by 

y since 19h8. Off-site transfers were reduced by 39 percent. The changes in 
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roduction processes have resulted in cleaner, more efneient manufacture of chemicals and 
Javc substantially improved environmental quality. 

It is important to note that these improvements were accomplished without government 
Intervention or regulation. The chemical industry responded to increasing public awareness 
of environmental degradation and the threat of costly government imposed regulation. 
Responsible Care was developed as a preventative measure against stricter standards. CMA 
felt it would be in the best interest of the industry to develop a comprehensive strategy that 
focused oh emission reduction using cleaner production. Responsible Care attempts to view 
(lie entire life cycle of the product, insisting that chemical manufacturers be responsible for 
the product they produce from “birth to death.” This provides industry with incentives to: 
create cleaner products; engage in input substitution; process change; and to invest in 
pollution control equipment. 

The mandatory implementation of Responsible Care for CMA members provides a powerful 
tool for environmental quality improvement. In return, the CMA provides it members with a 
potent advocacy force in government. The advocacy aspect of CMA assures that industry and 
government work together to create least cost solutions to environmental problems. 


4.0 Conclusion 

j 

Economic incentives attempt to modify producer and consumer behavior by using economic 
gains or losses instead of mandatory rules. An economic incentive is designed to encourage 
efficient behavior by changing the price signals perceived by individuals or firms rather than 
by mandating a specific course of action. Economic incentives incorporate the cost of 
environmental degradation into the production decisions of polluters and the consumption 
decisions of consumers. They work through markets to signal appropriate beha\dor. Three 
broad classes of market based incentives are: 

► price based incentives 

► quantity based approaches 

► other economic incentives. 

For the most part, these incentives mechanisms attempt to correct market failures and 
internalize externalities. 

kapidly industrializing countries have an opportunity to take advantage of the role these 
mechanisms can play. Countries with high rates of capital investment can proWde incentives 
for the installation of tlie latest a^'ailable process technologies, technologies that tend to be 
i^ss polluting and energy intensive. As a consequence, in high investment countries, end-of- 
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pipe solutions can be expected to play a diminished role as many problems can be addressed 
at the source with new plant and equipment purchases (OECDa, 1992). 

It is important that the incentive program be flexible and allow for corrections, especially in 
the case of charges and fees which must be adjusted for inflation so that the incentive does 
not lose value over time. If the pressure of an economic incentive falls rather than rises over 
Jime, little change in behavior is accomplished and no incentive to invest in new technologies 
is created. Rates should be low in the beginning and increase gradually based on a 
predetermined and pre-announced formula. Lower initial charges that rise predictably are 
easier to get accepted and introduced. They allow time for adjustment, which minimizes 
resistance and cost, and it sends the correct signals to investors and innovators. An ideal 
economic incentive is incorporated into the price of a resource or product, and can only be 
avoided by avoiding die use of the resource or product (OECDa, 1992). 

Shifhng the tax burden away from socially desirable activities (such as savings, risk-taking, 
and working) and placing it on socially harmful activities ( e.g., polluting) will reduce the ' 
economic burden of environmental protection, and should increase the overall level of 
pollution control without reducing economic growth in the process. For example, shifting a 
dolW from the income tax to an environmental tax will induce more labor force participation 
and incre^e the sa^^gs rate while reducing pollution damage (Heaton, Repetto and Sobin, 

1990). This results in a policy that provides positive economic and environmental benefits for 
society. 


The first prionty in industrializing countries is to eliminate policies that have significant 
environmental costs or which create perverse incentives that encourage the depletion of 
resources and environmental degradation beyond the free market level. Economic 
instruments as they have been applied have not significantly encouraged industry to 
undertake environmental protection. Subsides (perv'erse incentives) such as depletion 
allowances, agricultural production and “cheap” water subsidies have resulted in 
environmentally damaging practices that counteract the positive effect of economic 
incentives. In many countries pen,^erse incentives are coupled with economic incentives, 
ome countries allow for tax relief ( e.g., rapid depreciation schedules) for cleaner production 

substantial subsidies for environmentally damaging 
nr ^ ^ mmiy economic tools available for the promotion of pollution 

iinl ^ t-conomic instrument can act uniformly to achieve the desired results 

of natural resources are also removed 


market ^-hniination ot policies that distort v/ell-functioning markets or exacerbat 

f on effecuvc economic incentive policy. Art 

tire market nroiiinlif Vi"' ' 'i' '*‘0“'''-' are countervailing forces present in 

market promulgated l,y otlter governmental policies. -1110 correction of market failures 
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e insecure property riglits, unpriced resources and externalities) can be achieved through 
ilerventions that improve the free market result Examples of corrective economic policy 
icluderoad pricing in Singapore and the introduction of v/ater pricing in China. 

here are a wide range of options available to regulators w'ho seek to improve both 
nvironmental quality and economic growth. By integrating the ideas of sustainability and 
sing the various market based incentives to encourage cleaner production practices, 
jgulators can improve the environment and the economy in an integrated approach that 
hould reduce the cross-media transference of costs and benefits. 

.lie goals of sustainable development can be achieved through the appropriate use of 
eonomic incentives to encourage cleaner production practices. The diminishing stock of 
latural resources is forcing countries and individuals to view the environment in a new 
lerspective. It is no longer a vast, undiminishable resource in which to dump unwanted by- 
iroducts. Immediate measures must be taken to ensure future generations the ability to attain, 
it the minimum, the same economic and environmental conditions as the present generation, 
^ new economic view of the environment, that fully incorporates its value, must be created 
ji order to protect the valuable resource base—for this generation and the next. It is clear that 
ihe command-and-control approach has reached its upper bounds in its ability to effectively 
deal with environmental concerns. New and innovative approaches that incorporate new 
ideas into what types of products are produced, and how they are produced, are essential if 
the goal of sustainable development is to be achieved. 
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Environmental Economics and the 
Developing World 


NTRODUCTION 

Tiis special issue of Ambio focuses on the 
oniribution that environmental econom- 
cs can make to a better understanding of 
csource degradation in the developing ' 
ferld Economics has a major role to play 
n 

■ explaining resource use and in particular 
resource degradation. 

- measuring its impact 

- designing policies to combat degrada¬ 
tion. 

fhe science of environmental economics is 
loi new (1). Its theoretical underpinnings 
ie mainly in 'welfare economics'—the 
irescriptive analysis of how economies 
Jiould be organised so as to optimize hu- 
nan wellbeing Neoclassical capital theo- 
y. and in particular that part of the theory 
hat deals with growth has also been rele¬ 
ant to the development of resource eco- 
omics. But as a coherent body of thought, 
fvironmental economics did not develop 
foperly until the 1960s (2). Its application 
I developing country problems is more 
Ecent still, and u is only in the last decade 
It so that significant advances have been 
jade. The influence of environmental eco- 
bmics is. however, already apparent in 
ivised policy analysis undertaken by in- 
imational aid agencies such as the World 
lank and the .Asian Development Bank, 
"he reorientation of policy requires that 
Ending pay more attention to the environ¬ 
mental costs of development projects, and 
tat investments in the environment, soil 
onservation. afforestation, watershed pro- 
^ion etc., be given higher priority. Per- 
aps most significantly—general macro- 
tonomic policy adiustmeni as is often re- 
[uired in structural adjustment loans—is 
ecognised to have environmental impacts 
vhich need to be accounted for. It is no 
onger enough to lend for projects and to 
pist on currency devaluation as a condi- 
ion of the loan. It is necessary to ask what 
he environmental impacts of currency de- 
'iluation are. If they are negative, they 
ould threaten the sustainability of devel¬ 
opment. If positive, then they tend to rein- 
orcc the adjustment policy. 

The analytical issues faced in dcvelop- 
ng country environmental economics are, 
^nd large, no different to those faced in 
^velopcd country. We need to know just 
pw important environmental degradation 
I and thereby, how important environ- 
lental improvement is. This is the mea- 


surcmeni and valuation task. We need to 
understand w/iy resource degradation takes 
place and. in particular, how economic 
mismanagement through wrong pricing, 
ill-dcfincd property rights and incentive 
structures contributes to environmental 
loss. This is the explanatory role for envi¬ 
ronmental economics. Finally, there is a 
need to devise the best piaciicahle solu¬ 
tions aimed at 'sustainable development'. 
This IS the policy design role of environ¬ 
mental economics. 

SUSTAINABLE DEVELOPMENT 

The broad policy objective of sustainable 
development was brought to the fore with 
the publication of the Bnmdtland Report in 
1987 (3). Various interpretations of ’sus¬ 
tainability’ exist, but an intuitive idea of an 
economic definition can be obtained as fol¬ 
lows. If 'development' is defined as in- 
creasif wellbeing or welfare, then sus¬ 
tainable avelopmeni is simply nondeclin- 
ing w. 'are over time. It seems best to 
make tins more precise and regard it as per 
capita welfare that needs to be con¬ 
tinuously rising (or constant) (4). A path of 
development that makes, say, this and the 
next tw o generations belter off but impos¬ 
es costs on t’ne third generation to come 
such that their welfare falls below current 
levels, is a nonsustainable path. The fact 
that we even discuss sustainability in this 
sense does imply something about our atti¬ 
tude to future generations. It implies that 
we have some concept of fairness to the fu¬ 
ture. Ethically, we do not permit a later ge¬ 
neration to suffer because of damage done 
now. While difficult to formulate, this prin¬ 
ciple of intergeneranonul equity underlies 
the philosophy ol sustainable develop¬ 
ment. If it didn't, we would have limited 
interest in the welfare of future genera¬ 
tions. This ethical approach has some far- 
reaching implications for the choice of in¬ 
terest rate, the valuation of resources, the 
attitude toward risk, etc. These implica¬ 
tions are di.scussed in more theoretical ar¬ 
ticles than the ones selected for this issue 
of Ambio. 

Of course, welfare and development 
need not be synonymous, although the fea¬ 
tures of development, material wellbeing, 
education, basic freedoms, health, are all 
determinants of welfare. Over what lime 
period is development to be sustained? 
That is a miHit point, but the stress on sus¬ 


tainability has tended to refocus real-world 
policy debates on social, environmental 
and economic change over periods of at 
least several decades and perhaps a hund¬ 
red years. That may seem modest by com¬ 
parison with the concern of many environ¬ 
mentalists for future thinking lasting well 
into the distant future. But it is nonetheless 
a quantum leap from policy with a time- 
horizon set only by the date of the next 
general election. As an example, it is diffi¬ 
cult to explain the current concern with 
global warming unless that shift in lime 
horizon had taken place. Societies have 
always had concern for the future, but f>er- 
haps not as much as they do now. 

Defining sustainable development is 
perhaps less interesting than elaborating 
the conditions necessary to achieve it. 
Here there is less consensus among envi¬ 
ronmental economists. One school of 
thought suggests that the future cannot be 
as well off as the past unless it inherits the 
same (or a larger) stock of capital as the 
passing generation possessed (5). The in¬ 
tuition here is that, with the same stock, 
there must be the same rapacity to gener¬ 
ate welfare. If the rule is kept and the gen¬ 
eration fails to achieve rising or constant 
welfare, it seems reasonable to suppose 
that it is their mismanagement. This con¬ 
stant endowment approach might be best 
understood by analogy with business. No 
businessman surv ives or prospers by run¬ 
ning down capital. His sustainable income 
is what he can take from the company 
without running assets down. Societies axe 
no different. Capital depreciation now im¬ 
pairs the next generation's capacity to 
achieve the same level of welfare as this 
generation has. 

But what is capital? Economists are 
used to defining capital widely to include 
not just the man-made assets (which we 
can symbolize by Km), but also the stock 
of human knowledge and skills (human 
capital, Kh) and the stock of nature's assets 
(natural capital, Kn). It is important to un¬ 
derstand that natural capital is itself broad¬ 
er khan stocks of oil and coal. It includes 
biomass in general, the ozone layer and 
biogeochemical cycles. All are assets since 
all generate a flow of services which hu¬ 
mans consume (whether knowingly ot 
not). Leaving capital intact, therefore, 
means leaving the aggregate of the three 
forms of capital intact (6). 

The Standard National Accounts (SNA] 
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were developed during ond in^n)cdinicly 
oficr the second world war with the ob¬ 
jective of giving cconotnisls an empirical 
data base to analyze macroeconomic poli¬ 
cies. Unfortunately, the central concept, 
the Cross National Product (GNP) was in¬ 
terpreted by politicians, journalists and 
others (but to a very small degree by eco¬ 
nomists) as a measure of national well- 
being,'although it was defined for com¬ 
pletely different purposes. GNP measures, 
in a broad sense the volume of production 
a.s indicated by market iransaclion.s. How¬ 
ever. many and important parts of the total 
production prcKcs.s do not show up in mar¬ 
ket transactions and in particular, environ¬ 
mental resources are very seldom trans¬ 
acted in markets. Thus, their values are not 
recorded in SNA and consequently do not 
contribute to GNP. In view of the wide¬ 
spread use of GNP as a measure of well¬ 
being and the very serious defects con¬ 
nected w-ith such use, several efforts have 
been made during the last five or so years 
to improve the national accounts. These ef¬ 
forts have panly focused on defining and 
estimating a better measure of aggregate 
wellbeing and partly to provide a better 
database for management of environmental 
resources. 

It has been theoretically shown (7), that 
if environmental damages are accounted 
for in the national accounts and if the net 
changes in natural capital are appropriately 
included in the accounts, the Net National 
Product (NNP) will measure sustainability 
in the sense that it gives the maximum con¬ 
stant consumption path that would not im¬ 
pair the possibilities for wellbeing for fu¬ 
ture generations. In a sense, NNP so mea¬ 
sured would be the return on the total cap¬ 
ital; man made, human and natural capital. 
How ever, the empirical estimation of this 
NNP seems for the moment to be infeas¬ 
ible. On the other hand substantial im¬ 
provements in the present SNA can be 
made by including the environmental dam¬ 
ages that can be estimated in monetized 


The system of national accounts cun be 
seen ns u statistical system monitoring the 
conventional economic areas. The work 
under way in matty international organiza¬ 
tion—United Nations (8), UNEP and the 
World Bank (9). and in many countries 
will probably, in a couple of years, extend 
this monitoring system to include environ¬ 
mental resources, both in order to provide 
a better statistical database for economic 
analysis but also to yield an improved 
wellbeing performance index for nations. 

ENVIRONMENT, VALUES AND 
SUSTAINABILITY 

From an environmcnla! standpoint, the ge¬ 
neralized sustainability rule is problematic. 
'If ag^rcgaic capital needs to be held con¬ 
stant, the rule is perfectly consistent w'ith 
any constituent element of capital (Km. Kn 
or Kh) being run down, as /ong as another 
constituent part of the overall capital stock 
is increased to compensate. The Amazon 
forest can be destroyed as long as the pro¬ 
ceeds arc reinvested to build up say the 
slocks of roads, machinery or knowledge. 
As expressed so far, the sustainability rule 
offers no special role for environmental 
assets. They would be run down, or built 
up, according to their value relative to the 
value of other forms of capital. Indeed, this 
is how many economists would view the 
sustainability requirement. But even with¬ 
out an explicit role for environmental capi¬ 
tal, this generalized sustainability rule is 
importani. 

(a) It explicitly acknowledgLo the rele¬ 
vance of environmental assets to any sus¬ 
tainable development plan. They count, 
whereas economic planning in the absence 
of this acknowledgement would mean that 
environment mattered not at all. 

(b) The rule-is clear in staling that losses 
of Kn must be compensated for by increas¬ 
es in Km or Kh (or both). Sustaihability is 
breached if the proceeds of environmental 
destruction are consumed. Yet this is 


benefits the value of environmcniah 
age done by the build up of Km T 
losses generally do not show ml 
same way. They arc not moncib 
cause they do not appear in markets' 
arc nan-marketed costs; If wc build' 
dropower dam in a tropical forest, the 
cfils show up as electricity ouipi ji 
tion water and flood control. All haU 
kcis since the electricity and irrigat J 
ler arc sold, and flood control bcnefiu 
lo be reflected in the value of agrW 
production. But the resulting deforcsis 
or impaired water quality is not va\ 
This explains why economists arc? 
cerned to estimate the economic 
natural capital services. 

The valuation issue runs throughar, 
ber of the contributions. Kerry 
shows the relevance of valuation ni«| 
ologies to decisions about wetlands,- 
of the functions of which are non-mar 
ed. Alan Randall explores the philostf 
cal basis of valuation in his essay. Poi^ 
economic values arise when people’jj 
ferences are met (benefits) and 
values arise when people moved to^ 
preferred states (costs). This generate 
benefit-cost approach. Randall noteij 
many conservationists find monetaryii 
surement of environmental benefiUi 


costs unacceptable. But niany of ihet^ 
lions to valuation fail because iheyrtiH 
a meta-eihical principle which iisel!' 
little appeal. Thus, it is thought to bek, 
ently wrong to reduce biological diver.. 
If it is inherently wrong it must bevn 
regardless of the cost of maintaining d 
sity. But the economic argument is* 
costs are foregone benefits. If maintain 
diversity involves a cost of, say, Xbil 
dollars, the X billion dollars must 
thought of as the benefits that wouldl 
accrued had the money' been used for 
purpose. Since the money could havel 
used for cancer research, hospitals, sch 
or defence and armaments, it follo'vsl 


the moral absolutism of the inherei 


form and by including the net changes in exactly what happens in many cases of nat- wrong school of thought places dive| 
the stocks of natural capital. Repeito and ural resource use and extraction. Many conservation as a moral rule above anji 

his associates at the World Resources In- commentators feel, for example, that the saying that lower health standards' 

stituie have convincingly shown that even proceeds of North Sea oil (the rents) morally unacceptable. Simply put. r. 

partial reforms of the accounting system should have been reinvested bv the United are competing moral claims and thete- 

may change our ideas whether an economy Kingdom to build up a new capital base, there is a need for a higher order t 

has been growing considerably or not. perhaps one based on biotechnology or principle to justify the preservationist!* 

They tried to include into the accounts for computers or w'haiever. To some extent mand. As Randall notes, it is note 

Indonesia the depreciation of three stocks that has happened, but it also seems to be what that principle is. 

of natural capital oil, timber and topsoil the case that UK residents have consumed Randall's own preference is mort 
and found that the official annual much of the rent. Likewise, it is not at all attenuated form of benefit-cost anai'. 
growth rate of about 7% between 1971 and obvious that Brazil or Indonesia have used We might invoke the presumption 

fruits of forest clearance to invest in conservation is right unless the cost of' 
SNA consists of a large number of com- new industries and a new capital base. In servation is unacceptably high in the® 

modity and service accounts, which can be ihcir essay, Edward Barbicr. Jo Burgess of the forgone benefits of develop® 

used for various economic analyses. One and Anil Markandya clearly indicate this Such a presumption might be genera! 
natural approach would be to extend these view of Amazonian deforestation, noting a case that he discusses), in which ct 
accounts to include stocks and flows of cn- the role of subsidies in destroying the for- would present us with an interestingrf 
vironmental resources. In that way we will esi for the sake of negative product Indus- sal of the development prcsumpu<^ 
get not only better information on the slate tries such as cattle ranching. land-use planning in the Western w® 

ot the environment and also information c) If there is to be a trade-off between Development is typically assumed 

organized in such a way that we can apply Kn and other forms of capital, it is impor- tacitly allowable, and it is for the con^ 

standard economic models for an analysis lani to know what it is that is being traded lionist lo demonstrate otherwise. TheJi 

ot the interactions between the environ- off. We cannot know that in the absence of native being contemplated is that 
mentan i c economy. This has been tried The benefits of increases in Km are opmeni and conservation have equal rif 

in many countries, notably in Norway and measured by changes in GNP. But we and neither is tacitly preferred. Raiherll 

^ n ranee. should note the need to deduct from those make the rule general, it might be spec 



lp.jrlicul»r UKUtions oT nnuiral cnpiuil or 
^W.iininK species. Mucl> laiul-usc plan- 
Ifji: does ope rale this ns»>. Areas arc pro¬ 
filed find nre subjeci to riiiorous land-use 
" jlfuls.This taller approach is how Ran- 
inierprels sofe tuininiiini staiufiu ils 
ISJ. i c- conserving toiaitnum stocks of 
Jural capital in order that they can be rc- 
l^ncraicd if new infortnalion reveals a 
||hcr value for them. 

Randall finds the maximize net benefits 
ibjccl to a SMS consiraint appealing. It 
tVoids the absolutism of the deep cco!<^^\ 
tf^roach bui softens the mot a! hcudncs.s 
bcnefti-cost analysis (10). It forces a 
cruiiny. as docs pure bencfu-cosi analy- 
ii, of the true benefits of development. If, 
(jr some reason, it is not possible to esii- 
natc the value of conservation, then we 
l^uld scrutinise carefully the alleged ben- 
This is the approach favored by Ker- 
^umer in his essay on wetlands. Moreo- 
%r. it will often be the case that conserva- 
k>n values arc sacrificed not just for low 
levclopmeni benefits, but for negative 
>cncfils,-i.e. costs. E\ post audits of many 
fcvclopment projects reveal exactly’ this 
In their article, John Dixon and Paul 
Sherman pursue the valuation issue in the 
wery context of the kind of areas that tend 
Etjbe the subject of safe tuinimum standat d 
rules: national parks. In their review of the 
benefits of Khao Yai National Park m 
Thailand, they show that not only are there 
use values for the park, but there are e.\is~ 
fence values as well. The latter kind of 
value arises when there is a preference for 
'^.servation of an asset totally unrelated 
ifeaciual or planned use. In the Khao Yai 
Otse. this is wild elephants. Although the 
awihors do not pursue aggregation, the 
existence values appear to dominate the 
values they have so far obtained. 

One approach to measuring the benefits 
from environmental improvements that has 
been extensively used in developed coun¬ 
tries IS the traxel cost method The idea is 
to look at the amounts that people are 
paying for using an environmental re¬ 
source and from that deduce what they ac¬ 
tually would be willing to pay for the pre- 
iservaiion of the resource. This approach is 
applied by Tobias and Mendelsson in the 
vitiation of the tropical ram forests in 
Costa Rica. 


INCENTIVE SYSTEMS 

The second major strand of environmental 
economics, alter valuation, is the role thai 
economic incentive systems play both in 
explaining resource degraSaiion and in 
solving It. In terms of explaining environ¬ 
mental loss, the emphasis is on the role of 
f>elovL~maiker pricing’. This means thai 
even where markets do exist, actual prices 
are below those that would clear the mar- 
kei. Typically, governments intervene tc 
frold prices down, ostensibly to encourage 
d^clopmcnt by lowering costs or to pro- 
|ci specific income groups. But such pri- 
ing encourages overuse of the subsidizec 
wpuis and these can give rise to environ¬ 
mental damage which then threatens the 
sustainability of the economic activity. In 
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pul subsidies for fcrllUzcrs. pesticides, 
agricultural credit, energy, irrigation water 
and land acquisition play a critical role in 
encouraging unsustainable agriculture and 
industry. The .same factors have been at 
work in Eastern Europe, with devastating 
effect. 

This underpricing theme is developed in 
several of the papers in this volume. Bar- 
bicr. Burgess and Markandya show' its rel¬ 
evance to Amazonian dcforc.siation where, 
u^til recently, substantial subsidies were 
given for forest clearance. The tenure issue 
is important too. Land tenure is another 
economic incentive If tenure is secured 
then a farmer may be more motivated to 
invest in soil conservation by terracing or 
planting trees Tenure can work to the det¬ 
riment of the environment loo. for exam¬ 
ple. by being secured only if forest clear¬ 
ance occurs. Jan Bojo shows how subsi¬ 
dies to livestock and distoned price incen¬ 
tives contribute to land degradation world¬ 
wide. although he is careful to distance 
himself from popular estimates of soil loss 
based on deficient estimates, repeated un¬ 
critically in other literature JeffMcNeely 
and Robert Dobias show* how tax systems 
contribute to overfishing in Thailand, and 
how modified incentive systems would 
contribute to reduced deforestation. 

Many environmental resources base the 
nature of being common property resourc¬ 
es and it has at least since Wicksell in the 
last years of the I9ih century' been known 
that such resources may not be efficiently 
utilized by decentralized decision making. 
The global or regional airsheds are exam¬ 
ples of common property resources which 
have been used as recipients of airborne 
wastes and as no single country needs to 
take responsibility for the damage its emis¬ 
sions give rise to in other countries, the re¬ 
sult IS regional acidrain problems, deple¬ 
tion of the ozone layer, possible changes in 
the global climate (11). On the other hand, 
there are other kinds of common properly 
resources, such as communal lands, and 
there has been an extensive discussion in 
the literature w-heiher traditional socieiie.s 
manage such resources efficiently (12). 
Livingstone addresses this issue in his ar¬ 
ticle on Livestock ^ianavemeni and Ovet- 
i^razins amn/iq Posioi alisrs in which ho 
looks both at individual and collective ra¬ 
tionality for increasing the herd of animals. 
One important aspect is, he argues, that we 
have to include the insurance aspect of 
keeping a large herd. When a drought oc¬ 
curs. n will be beneficial to the owners to 
hav’e a large herd Thus, we should look at 
the whole cycle between one drought and 
the next one in order to judge the rationali¬ 
ty of a certain management scheme. 

CONCLUSION 

The message in these anicles is consistent. 
If environment matters it will show up in 
the valuations carried out on essentially 
unpriced assets. Of course, valuation is not 
practicable on all occasions, but it is im¬ 
portant to assess values whenever possiblc. 
The causes of resource degradation are 
complex. Popular sloganizing about the 


problem being one of poverty or popula¬ 
tion or multinationals or debt arc unhelpful 
other than to point proper research towards 
testing the relationships between these is¬ 
sues and the environment. As yet we have 
comparatively few studies that test the re¬ 
lationships. Those lljai exist suggest that 
no single factor explains resource degrada¬ 
tion and, often, environmental degradation 
is explained by a mix of factors, with the 
mix changing over time. But careful scruti¬ 
ny of the economic signals at work shows 
that the way the economy is managed i.s 
very frequently the root cause of env iron- 
mental degradation. If this is true, then 
there is a rich and policy-relevant field of 
research that needs to be explored by eco¬ 
nomists and oiher.s 
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Valuing Environmental Resources 


Economics is about choice, where the possibility of making choices is limited by the 
available income. Each agent in the economy exercises his preferences over the choice 
set to maximize his satisfaction within his income. The sum of individual satisfaction is 
the total societal welfare. The price of a choice in the market thus reflects the valuation 
of the choice by society as a whole or welfare to the society from the choice. Under the 
condition of efficient markets the total valuation of all choices represents maximum 
welfare that a society can attain given its total income. 

Most of the environmental resources do not have a market. Absence of markets does not 
imply that people do not have preference for such goods, e.g., improved air quality. 
Absence of markets does not imply that the environmental resources have no economic 
value. In absence of any mechanism to incorporate people’s preference for these goods, 
the valuation of all choices does not represent the maximum welfare attainable by the 
society. Economics in environment is thus about capturing the preferences of people for 
environmental resources, such that the overall welfare increases. 

The measure of comparison of diverse things in the economy is money. We have what 
economists term as inverse demand function that expresses the total benefits in monetary 
terms. Here the equivalence is that any benefit is equivalent to increase in welfare as it 
is equivalent to increase in income that can be used to increase welfare. Similarly any 
cost is decrease in welfare. Though there are things that cannot be given a money value, 
we should very clearly understand that the valuations here is of preference in face of 
resource constraints. Monetization of the benefits/costs of options related to 
environmental resources provide a measure of intensity of preference. This also helps in 
strengthening the case for or against a particular option. Option of environment resource 
availability is not a fi:ee option. It implies forgoing opportunity that could provide 
satisfaction to people. Monetization provides an opportunity to compare. 

Total economic value of an environmental resource is sum of its use value, pption value 
and intrinsic value. It is not necessary that each environmental resource have all the three 
values, especially so for the intrinsic value. Use value is value of resource that flows fi’om 
consumption of service or goods provided by the environmental resources. Option value, 
as the word signifies, is an option to use the resource in the future. Intrinsic value is 
something independent of the humans. It is associated 'with non-human life form on earth, 
which is has a value irrespective of whether humans are there or not. It can be also 
interpreted as people’s preferences of non-humans irrespective of there use to them, i.e., 



a non-use value. It is also termed by some authors as existence value. Two other non-use 
values reffered in the literature are vicarious value and bequest value. These two are 
again classified under option value of the resource. 

Approaches to the economic valuation can be broadly classified as direct and indirect 
techniques. Direct methods are based on directly revealed preferences. Direct methods 
seeks directly to measure the money value of environmental gains. This is done either by 
either for looking for surrogate markets or by using experimental techniques. The 
surrogate market approach looks for a market in which goods or factors of production are 
brought and sold. The environmental benefits or costs are firequently attributes of those 
goods or factors. For e.g., risky environment is an attribute of certain jobs or air quality 
is feature of a house. The experimental methods simulates a market by placing the 
respondent in a situation in which he can express their hypothetical valuation of real 
improvement in specific environments. Indirect procedures use dose-response 
relationship between the change in state of environmental resource and associated effects. 
Example of this kind is effect of deterioration in air quality and the health damages; the 
effect of pollution on depreciation of material assets such as metals and buildings. Direct 
valuation methods are : hedonic price method; travel cost method; contingent valuation 
method 

CVM - Valuing of Borivili National Park 

Contingent valuation is a process of “asking” through a survey/questionnaire personal 
valuation of the respondent for increases or decreases in quantity of “the” environmental 
resource, contingent upon an hypothetical market. The advantage of this method is that 
it can be used to value a range of environmental goods and service and also can capture 
all the associated values. The disadvantage is that it generates preferences out of 
hypothetical situation. This methodology has been in use for almost 2 decades know and 
has seen a substantial refinement to increase the confidence in the methodology. This 
methodology has been used to value, improvement in water quality, valuation of 
endangered species, improvement in visibility, hunting access to game reserves, valuation 
of ecosystem, improvement in river water quality, etc. 

Borivili national park is situated on the north-east of Greater Mumbai covering an area 
of 104 sq. km, one-fifth of Mumbai Municipality Region. It is home to many endangered 
flora and fauna species and also covers the watershed of lakes which supply 16 percent 
of mumbai’s water requirement. It is unique in its being present in the heart of a 
cosmopolitan. The park maintenance is funded by the central government. It has been 



threatened by encroachment and habitat degradation from increasing population and 
commercial pressures of the urban settlement. The funding is not adequate to protect the 
park zone and also improve the quality of habitat. The study was an attempt to assess the 
preference of the mumbaikars to preserve the park and monetary value they put to it. 

Respondents from different localities and income group for interviewed by trained 
interviewers through interview schedule. It was a two stage process. First survey was 
used to elicit major environmental problems that concern mumbaities. The questionnaire 
at this stage was also used to test the instrument for peoples comprehension. Subsequent 
to this the questionnaire was modified using the inputs from the response obtained. The 
respondents were given two scenario and asked what is there willingness to pay to move 
from scenario A to scenario B. To minimize the hypothetical bias and elicit a serious 
response people were told that they will have to pay in monthly installments for five 
years. The estimated mean willingness to pay is Rs 7.50 per household per month. This 
aggregated to a net present value of Rs 1033 billion. Respondents w'ere also asked for the 
reasons for payment and the results reveal that existence and non-use values are a 
significant component of the total value put to the park by mumbaikars. 
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The Supreme Court of India has stayed the work on the main spillway on the 
Sardar Sarovar since a little over 2 years now. This, as also the long 
drawn struggle has raised strong, if somewhat shrill reactions from parts 
of Gujarat as also some other people in the country. The recurring theme 
of these reactions has been that the stoppage of work means stopping 
development - and the Narmada Bachao Andolan - the Petitioner in the case - 
has been accused of being anti-development and anti-Gujarat 

Even as the issue of rehabilitation is now acknowledged to be important, 
the a feeling remains that it should not come in the way of development - 
that projects cannot be stopped simply because of bad rehabilitation. In 
this context, it is important to understand the issues raised by the 
Narmada Bachao Andolan, for these are likely to have far reaching 
implications for the development projects all over the country. 

It is not widely known that the one of the reasons for opposing the Sardar 
Sarovar project is precisely that it will not be "development". The 
project is sought to be justified, and indeed receives the wide spread 
support on the basis of the claim that it will be a permanent and total 
solution to the water problem of the drought prone areas Gujarat - namely 
Saurashtra and Kutch. However, a simply examination of the official map 
of the command area itself shows that only marginal areas of these regions 
are to receive the water - even on paper. Only 1.6 % of the cultivable 
area of Kutch and 9.24 % of Saurashtra will be getting the irrigation 
waters. Further, this too is uncertain as the hydrological estimates 
indicate that the water availability in the river had been overestimated at 
design by as much as 18 %. Which part of the command will bear the 
shortfall ? The water scarce areas, or the politically powerful areas of 
Kheda, Baroda and Ahemdabad that are in the early reaches of the command? 
The preparations for staking claims on the water is already seen from the 
fact that while the Project envisages that the waters will be spread over 
as large area as possible, and thus practically bans such water intensive 
crops as sugarcane, already licenses have been Issue to 13 sugar factories 
in these earliest reaches of the command. Considering that sugarcane will 
take more than 8 times the water that is envisaged to be delivered per 
hectare, it is clear that the tail -enders will see a further drop in their 
share. 

The project also claims to deliver drinking water to all the villages in 
Saurashtra and Kutch. However, the drinking water component is not even a 
formal part of the project - the project has no plans, nor the allocation 
of a single palse for this. It only promises to make available, at the 
canal head, 0,86 Million Acre Feet (MAF) of water for the domestic use. To 
make use of this will require the laying of an extensive network of 
pipelines, pumping and purification stations etc., something that is 
expected to cost around 5000 crore - outlays which are not in the project 
at all. And after all this, instead of being an quick and permanent 
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solution to the water problem of the area, it will only substantially 
reduce the drought problem in Kutch and Saurashtra by say 2025 AD - 
according to the Central Water Resource ministry. Of course, this does not 
consider the fact that the project operation requires that the canal be 
closed down for two and half months of summer - thus, when the drought 
prone areas require the water most- they will be left to fend for themselves. 

Clearly, the project will not solve, nor even dent the water problem of 
Saurashtra, Kutch - supposedly its justification. 

Still the project will store a large amount of water. This water will 
certainly be used somewhere - will lead to development of some areas/ 
persons. Why should it not go ahead then ? No one, least of all the 
Andolan, is against development per se. However, the Andolan has raised 
some fundamental questions about the nature of this development, about its 
costs, and about its distribution. The first is, at what cost will these 
benefits be available - financial, social, and environment costs ? Today, 
it is clear that these benefits will require us to pay enormous costs in 
ail these three areas. Secondly, who will then benefit from this? It is 
clear that the priority areas - Saurashtra and Kutch - are not going to get 
the benefits. The main beneficiaries will be the large farmers and big 
industries. Then, is such enormous state funding and high social and 
environmental costs justified ? For, should not the state s resources be 
conserved for those who are really the deprived and needy ? The last 
question is the most important - is there no other way of getting the same 
benefits without the attendant social and environmental costs ? 

In fact, by raising the issue of the social and environmental impacts, and 
by showing that the project cannot go ahead without causing serious 
violations of the fundamental rights of the affected people, the Narmada 
Bachao Andolan has posed the last question as challenge to the society at 
large. It has questioned one of the most basic premises of the development 
process today - one can t make an omelet without breaking an egg . By 
asserting the fundamental right to life of the people, the Andolan has 
called upon the all sections of society - Government, scientists, 
intellectuals, scientists and engineers, social scientists, to come up with 
ways in which the benefits can be realized without the social and 
environmental costs. And it has done its own bit by identifying, 
documenting such means itself. The Andolan has pointed out how work done in 
the field - in the very drought prone areas of Gujarat - can address the 
water problem, without the human and environmental costs. And 
significantly, these means have proved to be financial cheaper, as also 
faster. 

The Gujarat Land Development Corporation, a Government organization has 
shown how 15 MAF of utilizable water is available in Saurashtra itself, if 
one puts In place local rainwater harvesting techniques. Note that this is 
more that 1.66 times the total water that Gujarat will get from Narmada, 
several times more than the share of Saurashtra and Kutch, and 17 times 
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more than the drinking water allocation. Also, this will be available 
locally, Implying much lesser losses, and will be far cheaper than the SSP. 

The Swaydhyaya Parivar, a socio-religious movement whose head Shri 
Pandurang Shastri Athavale has received the Magsasay Award recently, has 
since last three years launched a massive well- recharging program in 
Saurashtra, benefiting over one lakh wells at minimum cost. This novel way 
of rain water harvesting has been a boon to the farmers suffering water 
scarcity. Many independent experts have shown, in great detail, how a 
combination of several such measure can very successfully address the water 
problem of this regions. Recently, the Gujarat Government itself announced 
a 500 crore project that will pump water from the Mahi and Narmada for 
drinking water purposes to Saurashtra - a way of using the Narmada waters 
without the question of displacement. Thus, the Andolan - when it 
challenges the project - is not opposing development, nor is it opposing 
the use of water for irrigation, nor does it say that power should not be 
used. But it has raised the issues of the how this should be done, for 
whom, and at what costs. 

Of course, no such programs can work without due attention to the 
consumption side. If the water Is required for industry, industry should 
move towards less water intensive processes, and as near 100 % water 
recycling as possible. If we want to grow sugarcane in Kutch, or continue 
the enormous, unregulated withdrawal of groundwater in the coastal zone of 
Gujarat, even five Sardar Sarovar projects may not be sufficient. It Is 
imperative that the development of any region is In broad conformity with 
Its basic ecology. Also, a certain amount of regulation will be 
unavoidable, and society will have to move towards minimum consumption - 
which of course does not imply less prosperity, but only means optimum 
utilization and curbing of waste. A draft groundwater regulation bill has 
been ready in Gujarat for many years, yet, it is not being taken up because 
of lack of political courage. It is far easier for the government to sell 
people the impossible dream of unlimited waters flowing in from the Narmada 
which will forever obviate the necessity of any control on consumption. 

This dream unfortunately can only lead to disaster, and of course 
abandonment of all prudence. 

In the ultimate analysis, to pose the Narmada Issue as a development 
versus no development debate is misleading, and a distortion of the real 
issues at hand. The real issue is simply how to move towards development 
that is socially just, environmentally sustainable, participatory, 
affordable and quick. 









A Note on Number of PAPs in MP who are Entitled for 
Agricultural Land on Resettlerr\ent 


Tlie displacement impact of the Sardar Sarovar Project in Madhya Pradesh (MP) 
l\as been deliberately exaggerated both by the Government of Madhya Pradesh 
(GOMP) and tlie Narmada Bachao Andolan As a result, they have been floating 
all sorts of figures regarding the number of PAPs who shall be completely up¬ 
rooted and require land on resettlement at distant places Responsible ministers 
from the Centre have also now joined this game 

1 he (iOMP has claimed in its Action Plan of March 1993 iliat about 33,000 PAP 
families (including major sons) shall be displaced by the SSP in M P. and that 
about 14000 families of these shall have to be resettled in Gujarat It has mounted 
lot of pressure on the Gujarat Government to urgently acquire and make available 
about 28000 hectares of agricultural land for this purpose The Government of 
Gujarat too has accepted these figures and has not raised certain basic questions 
which need to he raised regarding these figures with the GOMP It is absolutely 
necessary that these questions are now raised as the GOMP has now openly started 
clamouring for the reduction of height of the SSP dam on luiinanitarian grounds' 

We do not challenge the basic figure of 33000 PAI’ families in this note This 
figiiie is based on a detailed survey (86 column sur\cv) in each of the alTectcd 
villages. We were able to cross-check this data in few villages and have found that 
the basic data collected in this sur\’ey is of exceptionally high quality IPe, hnu ever. 
or^ie on the basis of analysis of the same data that a lar^e majority of these 
families are affected only in the sense that they shall have tv he shifted at a higher 
plain in their own villages This is due to the fact that most of the agricultural lane 
in these villages will luU he submerged 1 Ins means that the number of PAP 
families wlio shall be completely uprooted and who shall have to be allotted 
agricultural land on resettlement at distant sites would he much smaller than that 
reflected in the above figv es. 

Let us now proceed to this task of analyzing the submergence data of M P As we 
have already noted, the GOMP has completed a detailed survey of all the 193 
atVccted villages in M P It has also computerized the data collected in this survey. 
It has, however, not released crucial components of this information and has thus 
made the task of analysis difTicult and complicated. 

1- Extent of Submergence and Number of PAPs 

Annexure I of M P. Action Plan of March 1993 gives village-wise extent of sub¬ 
mergence of ngiicultural land and number of PAP families (both heads and major 
son.s) for all the 193 affected villages HV have classified these villages in six 
different categanes based on extent of land .suhnieigem e in each village and then 
walked out the c\fenl of .siihmetgence ami niimher of rAT.s foi each village 
categoiy. Wc simimati/c this infonliation in I able I below : 
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Extent of Subtiiergeiicc niid Number of PAPs in ench Vilinge Category 


Village Category 
based on‘.i Agii Land 
Submergence 

1 






Total 

PAP 

Major 

Sons 

7 

Total • 

PAP 

Families 

8 

less than IVc 

54 

15972 

27 

0.17% 

4250 

3793 

MSI 

1- 10% 

71 

22313 

1102 


5115 

4065 

9180 

11-25% 

25 

8553 

1258 

14.80% 



7182 

26-50% 

24 

6662 

2499 

37.60% 

2982 

2722 


51-75% 

12 

1658 


62.90% 

1095 

855 


76-100% 

7 

696 

,643 

92 40% 

512 

443 

955 

Tola 

193 

55854 

6571 

11.80% 

17996 

15018 

33014 


Source; Aniicxtiirc 1 of Action Plnn of Resettlement and Rehabilitation of the Oustccs of Madhya 
Pradesh, N.V.D A . March 1993. 

Please note the following salient features of this table 

• There is virnuiUy no land submergence (27 hectares out of 15972 hectares) in 
the ft rsi category (less than J%) of 54 villages with 8043 PAP families. It is 
clear that all the PAPs in these villages would .only be required to be shifted at 
a higher plain in their own villages and no agricultural land shall have to be 
provided for their resettlement. 

• Similar .sttuanon would prevail for most of the 9180 PAP families in 71 
villages of the next category ( l~I0?'n) where about 5% of the agricultural 
land (1102 out of 22313 hectares) M ill be .wbmerged. Thus there is very little 
agricullui"’ land submergence in as many as 125 villages with 17223 PAP 
''imilies. 

• The extent of submergence increase as we go downward (>I 1%). In order to 
arrive at a reasonable estimate of the number of PAP' families in the next four 
categojies of villages who will require agricultural land on resettlement it is 
necessary to obtain information on the breakup of these PAP families in terms 
of those who loose agricultural land (25% or more of lota! land holding) and 
those who loose only houses. 






















2. Further Analysis of PAP Families In terms of Land and House Loss 

Annextiire I of llie M P. Action Plan also gives breakup of PAP Heads for each 
village in terms of 

• those who lose only agricultural land, 

• those who lose both land and liouscs and 

• those who lose only houses 

Such a breakup of major sons, however, is not given in this annexture. But, as we 
have already seen, figures of total major sons for each of the 193 villages are given. 

From this we can approximately derive the breakup of major sons for each village 
by distributing major sons to each of the above subgroups in the same proportion 
as PAP heads are distributed, i.e., by dividing the figures c5f PAP heads for each 
sub group with total heads and then multiplying them with total major sons of the 
village This gives us the breakup of both' heads and major sons for each village in 
terms of those who lose only land, those who lose land and house and those who 
lose only houses. Fiom this we get the summary breakup for each village category 
just by adding the respective figures for the villages falling in each category as 
shown in Table 2 below: 

I 

Table 2 

Uistributioii of PAP Heads and Major Sons according to (he Pattern of their 

Loss. 


Village Category 
based on % Agri Land 
Submergence 

1 

No of 

Villages 

2 

J otnl 

PAP 

Heads 

3 

Heads 

losing 

only 

Land 

4 

Heads 

losing 

Both 

5 

Heads 

losing 

only 

Houses 

6 

Total 

PAP 

M^or 

sons 

7 

Approx 

M^or 

sons 

losing 

Land 

8(3} 

Approx. 

Ma/or 

sons 

losing 

Both 

9(b) 

Approx. 

Mt^or 

sons 

hstng 

Houses 

10(c) 

less than 1 % 

54 

4250 

56 

69 

4105 

3793 

■Bl 


3653 

1- 10% 

71 

5115 


1164 

3282 

4065 

mm 


2577 

11-25% 

25 

4042 



2488 



835 


26-50% 

24 

2982 

542 

1492 

948 

2722 

508 

1371 

843 

51-75% 

12 


90 

638 

367 

855 

70 

504 

281 

76-100% 

7 

512 

32 

355 

125 

443 

29 

305 

109 

Total 

193 

17996 

1843 

4838 

11315 

15018 

1569 

3978 

9471 


Notes; o) derived by adding Ilie figures ot cohiiiin 4/coliinin.t'•column? Tor cacli \ illngc. 

b) derived by adding ibe figures of column 5/cohnnn1*co!nmn7 for each ^iIlagc. 

c) derived by adding the figures of column 6/coUnnn3*column? for each >iUagc. 
























Tjoin lliis \vc dciivc following 1 nblc 3. 

Table 3. 

Dtstribiition of PAT Fnmilics (Heads + Major sons) in each Village Category 


Village Category 
based on % Agri. Land 
Submergence 

1 

H 

PAP Families 

losing 

Land or 

Both 

3(a) 

PAP Families 

losing 

only 

Houses 

4(b) 

Total 

PAP 

Families 

5 

less than 1% 

54 

285 

7758 

8043 

1- 10% 

71 

3321 

5B59 

9180 

11-25% 

25 

2686 

4496 

7182 

26-50% 

24 

'• 3913 

1791 

5704 

51-75% 

12 

1302 

648 

1950 

76-100% 

7 

721 

234 

955 

Tota 

• 193 

12228 

20786 

33014 


Notes; a) Sums of Colmniis 4.5,8 niid 9 of Table 2 
b) Sums of Cohimns 6 and If) of Table 2 

• Thus as tunny as 20786 families out of 33014 would lose only their houses 
while 12228 families would lose either their land alone or both land and 
houses. 

• On the first sight it would appear that at least all the 12228 families who lose 
their land, shall have to be given alternate agricultural land at the resettlement 
sites. 

This, however, is not correct as lliis fii>ure of I222S families also includes 
those families who lose less than 25% of their total land holding. 

• Tribunal had provided that such families have to be given only cash 
compensation for the land they loose 

• Alternate land has to be given only to those families who would lose 25% 
or more of their total land holding 

• It is most amazing that the GOMP has not taken into account this 
ifuporiafit policy provision and not given separate figures of those PAPs 
who would lose more than 25% of their land holding 


4 











• Wiliuuit ifiis (iiidifi lMc*:ikd(uvn (if (lie PAP fafiiilk's wlut lose land it is not 
possible to airivc at an accurate estimate of live number of families who 
shall have to be allotted agricultural land. 

• F>iit a 'casnonhlc c.stimate can be made from the distribution of these 
r.'^'iilcs in diflcrent village categories 

• Tlie fact that 6292 such families are located in the first three categories 
(land submergence less than 25%) suggests that a large proportion of these 
families would loo.se less than 25% of their land holding. 

• Wc would take tlii.s factor into account while calculating the number of 
familic.s who arc entitled to alternate agricultural land on resettlement. 

• On the other hand some of the 20786 families (('oltimn -I) Mho loose only 
houses M ill he entitled for alternate (un it nltural land. This category of 
families is actually composed of three different types of families; 

a. Landed families who only lose their houses, 

b. Landless agricultural labourers who do not own any land but work on 
the agricultural land in the submerging villages and 

c. Other Landless families who arc engaged in non agricultural activities 
like trade, fisheries etc. 

• Of these types at least some of the Landless agricultural labourers, especially 
those who reside in villages where most of the agricutural land will be 
submerged, shall be entitled for agricultural land at the resettlement sites. 

• Here again the CJOMP has not released (he necessary' breakup of these families 
although it has the necessary figures. It is claimed in the Action Plan that the 
relevant village wise categor>'-wise figures of landed, landless labourers and 
other landless families have been separately published as ‘Statistical 
'iiiormalion' However this publication has not been made available to us 
despite lepcatecl ic(|uesls As far ns wc aic awaic the ollicials of the Sardar 
Sarovar Punarvasval Agency liavc also not received this publication. 

3. Di.stnbutioii of Landed, Agriciilturni Landless and Noii-agricullurnI Landless 
Faniilics: 

• Altliough village-wise figures of landed, landless agricultural labourers and 
otlicr landless families arc not given in the Action Plan, a summary table is 
given on page 14 of the Action Plan. According to this table out of total 33014 
PAP families; 

a. 10725 finiilies aie landed and their major sons, 

h. 0188 are landless a^ricultm al labourers and their major sons 

c. HOI ai e other landless and their major sons. 



• I'rom I able J ahdvc we kiunv the (iisliibuticm of 12228 1‘nmilie.s losing land 

(Column 3) and 20786 families losing only houses (Column 4) in each village 
calcgoiy ® 

• From this we derive the approximate distribution of the landed, landless 
labourers and other landless families in each village category as under; 

a. Multiplying the figures of Column4 of Table 3 with the figure of total 
landless agricultural laboures (9188) and dividing it by total families losing* 
only houses (20786) gives the distribution of landless agricultural labourers 
in cacli village category 

b. By replacing 9188 wiili 4101 (total other landless families) in the above 
calculation we get the distribution of other landless families in each village 

category, ® 

c. .Substriicting tlic .above two sett of figiircs from lire figures in column 4 
gives the distribution of landed families loosing only houses Adding the 

igurcs ofcaliimn 3 to these figures would give us the distribution of all the 

''■'"'>8= category The sum of these figures comes to 
19725 which IS same as the total landed families. 

• We give the result ol these calculations in Table 4 below 


Table 4. 

A|iiuoxiiiia(e I)tsti iluKitui tif I.andcd, Agricultural Landle.s.s and Non- 
agncuKural l.niullc.ss families in each Village Calcgoiy 


Village Category 
based on % Agn Land 
Submergence 

1 

No. of 

Villages 

2 

Landless 

Labourer 

Families 

3 la) 

Other 

Landless 

Families 

4 ib) 

Landed \ 
Families 

5 (c) 

Total 

PAP 

Families 

6 

' '9SS than 1 % 

1- 10% 

11-25% 

26-50% 

51-75% 

76-100% 

54 

71 

25 

24 

12 

7 

3429 

2588 

1988 

792 

287 

104 

1530 

1 1 54 

888 

354 

1 28 

47 

3084 

5438 

4306 

4558 

1535 

804 

8043 

9180 

7182 

5704 

1950 

955 

Total 

193 

9188 

4101 

19725 

33014 


Notes, a) (Column 4 of '1 ;iblc .^) * 91 / 207X6 


b) (Column 4 of Table .1) • 4 101 / 20786 


c) (Cohimn 4 of I ablcl) -(Column 


•» orTablc4)-(Colnnm 4 orTnblc4H(Colnnm ^ ofTnblc3) 
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4 Eslimntc of I’AI* roiiiiUcs >ylio are entitled to Agriciiltuinl Land 

With this itifonnation we now proceed to the main task of this note, i e., to arrive 

at the reasonable estimate of PAP families in M P who are entitled for agricultural 

land on resettlement 

• As we have already noted above only 27 hectares out of 15972 hectares .would 
be submerged in the first category of 54 villages (land submergence less than 
1%). Hence we can reasonably expect that almost all the 285 families losing 
land (Column 3 of Table 3.) in this category would lose less than 25% of their 
land holding Similarly none of the 3429 Landless labourer families (Column 3 
of Table 4) in these villages would be entitled to land as hardly any land would 
be sulnnciged fhus not a single family in these villages would be entitled for 
agricultural land in this category. 

. For next 71 villages (land submergence 1-10%) we have assumed that although 
it is unlikely at the most about 822 of the 3321 (25%) families losing land 
could lo'^c more than 25'’/o of their holdings and thus require land However 
since only 5Vn of the total agiicullural land in these villages is undergoing 
submergence, hardly any landless labourer could be alfectcd 

• In next 25 villages (land submergence 11-25%) we assume that 35% of the 
landed rainilics losing land and 25Vo of the Landless agricultural labourers 
would he entitled for land while in next 24 villages (land submergence 26-50%) 
we assume this figure to be 50° o for both the categories. 

• In remaining 19 villages (land submergence more than 50%) we assume that all 
the landed families losing land and all the Landless labourers would be entitled 
for land 

• Thus as shown in Table 5 below at the most about 7036 families out of 33014 
families wcnild require agricultural land on resettlement while the remaining 
25641 (amilics need to he shifted at a higher plain in their own villages with no 
requirement for agricultural land 

I Table 5 

\ 

Estimate of PAP Families entitled to Agricultural Land 


vi/lage Category 

No of 

Approx Families Entitled 

Approx. Families not Entitled 

based on %Agn Land 

Villages 

lo tecerve Agn Land 

h receive Agri Land 

Submergence 


Landed 

LLebourer 

Total 

Landed 

Other 

Total 

1 

i_' 

3 

4 

5 

s 

7 

8 

less lliaii P/r 


0 

0 

0 

3084 

4959 

8043 

1- lO”.; 



0 

831 

4607 

3742 

8349 

11-25^'^ 



49.7 

1438 

3365 

2379 

5744 

26 5or 

2/l 


396 

2353 

2601 

750 

3351 

5) 75y 

1? 


28 7 

1589 

233 

128 

361 

76 1007: 

7 

721 

104 

825 

83 

47 

130 

Total 

193 

5752 

1284 

7036 

13973 

12005 

25978 
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No tloubt these arc statistically derived nuipbcrs only, but they give fairly accurate 
picture, if anything assumptions made are rriore in favour of land entitlement giving 
almost certainly higher side of estimate, of the scale and nature of the resettlement 
problem in MP. We must now take up this issue with the Government of MP and 
ask it to furnish all data it has collected so that more accurate picture of the 
problem can be obtained. We should also emphasize that tils is the estimate of 
total PAP families in M.P. who shall be entitled for land and not all of them can be 
expected to rcsellle in Gujarat. 

Prepared By: 

ARCIl-VAlllNI 
PO. Mangrol. 

Tal. Rajpipla, Dist. Bharuch. 

Gujarat. PIN: 393150. 

Marcii 24, 1994. 
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Water Resources 


By 

Mr. R B Shah 

(Ex-Chairman,Central Water Commission) 




WA7FR RhSOURCLS SCENARIO IN INDIA 


Till a few years back, there was o general feeling that our country has abundant 
water resources. In the last decade, it has been realised that the precious natural 
resource of water is already scarce and the situation is going to be increasingly acute 
in the future. 

The country gets an annual average precipitation of 400 m. ha.m. The total 
quantum of water flowing through various rivers is only 1 87 m. ha.m. (47% of rainfall). 
However, utilisable quantum of surface water is only 69 m. ha.m., i.e. 37% of 
available water. This is mainly on account of the fact That the rainfall occurs only for 
3-4 months m a few spells. We do not have adequate storage sites to store most of 
this water for subsequent utilisation throughout the year. In addition, we have 
utilisable ground water of about 45 m. ha.rn. Thus the total utilisable quantum of 
water is only 114 m. ha.m., i e. 28% of total rainfall, balance going waste. 

In 1951, actual utilisation of surface water was 20% and of ground water 10% 
of ultimate utilisable quantum. In 1990, these percentages rose to 55% and 50% 
respectively. During this period, irrigated area rose from 22 m. Ha.m. to 82 m.ha. 
(1993) and food gram production from 53 M.tonnes to 170 M.tonnes, touching aoeak 
of 195 M.tonnes last year, which is just adequate for the present population. 

The projected population m the year 2000, is 1000 million, requiring food 
production of 2/0 m. tonnes, in the yea-r 2025, tood production will have to be 
365 M,Tonnes to feed a population of about 1 350 million. Bulk of the increase has to 
come from irrigated areas. Even after full development of our irrigation potential of 
11 5-1 20 M.ha; only 65% of the net sown area will be irrigated and the balance 35% 
will still be subject to vagaries of monsoon 

At the same time, there is a continuous increasing demand for domestic and 
industrial water supply. In 1987, the author prepared the water demand scenario for 
the years 2000 and 2025. This brought out that total water use will increase from 
56 m. ha.m. in 1 990 to 79 m. ha m. in 2000 and to 1 1 2 m. ha.m. in 2025. 

Thus, the eritire quantum of utilisable waters would be fully consumed by 2025, 
while the demands will stilt continue to grow. 



In view of this grim sceherio, it is imperative to conserve as much water 
possible and optimally utilise the same. Conserva^on has three broad connotations; 

(i) Maximum possible storage of rain water through large, medium small dams^ 

(ii) Economical & Optimal use including prevention of wastages & leakages; and 
(lii) Multiple use involving Recycling and Re-use wherever possible. 

Storage of waters is necessary not only for irrigation, but also for hydro power 
generation, drinking water supply to urban areas, industries, etc. Our ultimate storage 
capacity through large, medium and small dams together is about 30 m. ha.m. (i.e. 
only 1 6%) of average annual surface flows. The capacity created so far is about 20 m. 
ha.m. through 3600 major dams and about 2 lakh minor dams, the latter contributing 
only about 3 m. ha.m. I.e. only 10% of the ultimate storage capacity. U.S.A., with the 
same quantum of average annual surface water avarlability has already built about 
8300 storage dams with a storage capacity of 7C nri. ha.m. (i.e. 230 of India's ultimate 
storage, while Erstwhile U.S.S.R. has about 1 2.000 dams with a storage capacity of 
110 m. ha.m. 

However, with the present misconceived opposition to construction of storage dams, 
it is doubtful whether even the limited storage capacity can be created. In what 
eventuality, the projections of utrlisable quantum of water will go awry, and much 
before 2025, the country will face a serious situation. Already; major cities like 
Madras, Hyderabad, Bangalore and many other smaller towns are facing acute shortage 
of water. With inevitable rapid pace of urbanisation, the problems of urban water 
supply are bound to be acute 

At present, water use in all sectors is wasteful and sub-optimal needing a 
concerted and vigorous drive for optimal and economic utilisation. At the same tmie, 
it needs to be appreciated and understood that the controversy being created by some 
persons between large and small dams and between use of surface water and ground 
water IS totally misconceived All of these are complementary and supplementary to 
each other and not substitutes. It is no exaggeration to say that the Nation's survival 
and future economic growth will to a large extent depend on optimal Water Resources 
Development & Management. 





Pollution 


By 

r Sumeet Saksena 
Energy Research Institute) 
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needed in order for health effects to be determined accurately and adequate ! 2. It uncovers a whole new landscape of sources, usually local, that base 

control measures to be designed. significanl impacts on exposures, even though having essentially no 
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TkMc 3 PtntcuUic concenirttions ind exposures in ihc 12 major micro- 
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phenomenon thai Is part of Brown’s (47) "fissioning of human sc 


iri x: 

T 

J I -2 
H E 1 

3 ^ 

^ I 8 

— a 

— -a 

— 5 o 

S ^ g 

> afl “C 
o o 

^ i2 ea 
^ 3 x: 
o .H “ 

2 n Ji 

3 2 O 
H c. j; 

^*2.: 

ii tj ^ 

«/)(/) • 
.0 5% 


o = cr 

m: -2 ^ 

CL. — ^2 

S3' 3 c _ 

i ^ 

•’ E^, ci 

t> "3 «fl 


“ o i: i2 
x: > c o 
.■= ^ 3 

:> >— o !:r 

^ o o <j 


3 .S 

^ u 

-rj »/5 

o 

t/} O 
X 

o tS 
. - j- era 

c w 

t» ^ x: 

2 o -a 

■S ^ S 

w ^ .2 

8 

C srt 

3 <» 

o O w 

^ £ -^3 

.£ 2 i 

<4! 2 Art 

c o 4J 
r> Art 
.2 3", CO 

— « 

cn Art 

e5 x: 

'E c ^ 

“ S' ^ 

I* 

3 a_ 

.3 A- (- 4> 

Cl. 2 o 

y; ^ v- C 
ej "3 x; ca 

a; < CJ O 

— tN 


iXCCJzriri/- 

- s J ^ g ^ 

n JZ ^ 3: # -3 5 

c ^ o g „ £ - 

E *0 2 ^ — 'a ^ 

§ '^ £ i — c I 

0 5". 2 

C. H g $ b ^ y 

ly; 2. S ° C e 

” 5 ^ Crt S 2 o 

—r = o E — 

cd 3: . a: »"» ■£ 23 

< « fl < « ^ ^ 


*7 O pr\ O C3 

2 •£ S ” iJ 

Oi 8. "3 S i2 y< 

Q J o s_ ^ 3 

-J-3 cJi S-Sov^ 

= -- £4 — j= 33'-' 

^■|2:ifoog,o 

2-g^5>.-^e 

_^Oey— cty>c30 

— is _ "S y x: 

ac tz p ir 

Sjj — "r^rtgH^ 

to^ — -ox: tUJJS 

o • 3 3 srt tj t> > 

F-5r'2s>.-g.= 

tj „ TT c _D ^ 

tU E_ 

^ = 22^ — T3 

SS-r: t>03 

>. 3 o 8 y £ 

oCi«,—-x: irt2 ea . 

o oa; fc2i-E-S.S^ 

' — 3 ^ ^ O — 

£2 o — A’® 


o oac b«-s=-"x: 

t A_<i^52-;5 

^ cj JC ^ _ tj 


^ ^ . -a — Sri 

^ 1 U ^ E 

“ .2 -j 1 g - I g 

t -= £= .-= C E o x= 

tr ^ ■- 32 = i b~ 

^ r* u- u- •% c, c r; 

< — ca «ix^ ox; 


yVifu'tlSArtc 
y-3Sii^ aS - 

2 !5 5 s ^ £.1-6 

§-■= i - « I 

5'’s3;?lil 

i-C^ gUOii^C 

•.» ^ ti ■**^ ii jc ^ 

gp, niu*<C — C-^ 

3-=E5g.fc|s 

S-XX^ji SjO 

xQ-::sfe^o2u-c 

C - x-:2^‘ajE 

C f—» ^ —«■* f® "JS r“ ^ ^ 

■=2.--o--i-“!? 
a&Ex„—'3g» 
C^^SrP-Cxil 


c^^Sr'Ojsxtj 
5^ 'z IS Q 3t “ ^ > 

•O C ^ lA > C-Q^Jl 

I 

SajS— 

E ca~-“ cI^S-E 

-■^if2li!|a 

o - c ex g-x g ^ 

^^^JCUCUQU 

•a-eij g.a-1 

w!=E-5~-£-e5, 

■£u-5S"oK5q 

3 ^ §^--'Ss‘'x 

Jtrt - 

S"a® 

2g'S'S,flS-2 
p 3 Sc-'Sf'x&« 
R Ss.goEa-'i 

I/I 5® UW-"?!/* 

-HsjzofJSZ! 


s 

s 




wav 

2 i 
t| s 

5 ^ 3- flu 

>.. irt 

1 I 

"S > £ 

g UJ § 

“ S’ s 

-tf § -fi 

y V -g 

c 3 X 

aS e > 

. O c 

5 "S s- 


^ V • x: 

^ tJi ^ 

S 2 
^ ^ 

^ ^ X = 2 

1 

■J 5 '" E , 

_ n v» rt w> 

2 V *2 O .E 

** w ^3 

1 

2 "S E L- £ 

p S c vH o 

-i ■£ H - ^ 

^ ^ fj 

2 u 2 w ii 

s X 5i .-e 
v y ^ £ s s 

S -O ttj . h n 

< c c « 6. ^ 

•" 3 »/> 

^ o 3 te u 
c ^ « £ -p 

1 ^ u I 

" E S i 8 

■£ S. i 2 9 

K t. K 

• u - « _ 

2 -o -I ” 

S O C C 

r* w 3 

c £ c u -g 

.5 o o g 

^ ti; . ^ i« 

? r; «5 ?', '5 

X < -- --E 5 

: E 'f i I 

^ > 1 ) 

Ti _c 

E o ■£ « 


. _ 4 . .!/>, • -^ C *0 ^ 

Aji-rt>V«iiv“ 2 x 
^ 2 C ^ O ^ ^ ^ 

u, C 2 ^ V E 2 ^ 5^, « 


CJ; £ c 

c - 

^ p " 

c E _ 


^ E ^ 
il 8 - 


jc *'■ o o 

" S “• E 

fc X ft 


E:2u-op:-|5liS 

?i *fi ^ ^ S *<c £ fs 

■S8‘^.2-«J So^.2^ 

c ^C'C t>£.---i2'®p 
"*"xE3 3*'*C^*-ES 
E^ocjil'voagjLx 

xjc 3 o ><?:■£,_« *-■£ 


£ Cl. ^ 

M, i5 w:. 


§ -2 £> 2 ^ ^ p ^ 5 : 5 . 


« g £ 
E ^ 

tJ I- -fO 


E E tfo'c® ^ ^ jz 

o3PC«E't:*“3ct: 
u C CX.«, 

<-g|gKwS.E>i: 
tS ®*o 6 o 

gbpL- 2 'C-®^^.O^g 
Xcww^ol2*5ft c 

H'C-5£‘*-£gi c« 

5x3'-j>--«gxSx 

s- -S, " -c £ •= o V 2 

U-n = >_ ft — eiPtS 

5i2s5o‘^c-EftE 


:5£^£jg-E---^«w> 

Z 5 : O 2 o _e 

— x: 3C)-x“t30 

- J - g •- s :£ 1 g § “Q 

r* ./ E 'S n c c .si > 2 ; c 


< i: .S “O VI 


^ E ? .£ £ « .E 



. ^ vj je; 

"3 c C •— :sl 


5 S 5 § 
s s 2 « 


y 3 3 2 _2 >-.w 2 

^ w'o'-g'o PE" 

^ O. O t> oO 
« o g -b - J .£ 
- 5 X « w .2 


C "3 "O 

O «S C 
■S X 3 
3 ^ O 


C V5 C V5 Vi^ r** •‘2 O 

sr?o — o«'>o^osji 
u.Sic- 2-2 ‘“-a< ^ D.Ou 
2 «i:o^> "og.b-J.S 

3 <x cso.ijj; w 

Ox: c a D-rt oII 2 ~c Q. 

BOS'-^S-O g>lS §■ 

§ 0 «c" = '’<Sc£«« 

o' 2 ---“ 2 '««‘" 2 E'o-p 
>'.£“ = Si'Px: 3 c ^ g.£ 
__b O U|“ — o Eo/T'^ 


X o 2 -- 


— c 3 ^ 

X C5 « « 3 

= c X Jr ^ 

o so ^ g 3 

X E S X 

2 c S o .r 


r: « r -5 ^ 

o £ 3 > — 

S « - ■"- 

c3 « p 

^ X y -— g 

S 

5 3 :iii ft:, -o 


J rJ fti o S 
^ u. S' P. « 
n w vs C 

X 3 g 3 
E _ i- X c 

• ft C fj CS 

hJoS.*— 

.b o o £ 

-£ X « L- m 
C3 .ft_^ -1 u. 

a.x -a £ o 

U O C 3 *3 

2 ; __ ea E o 
c 2 « S E 

.ft ft u ^ 

o c; c x> o 

o o 3 -e g 

c S.g 

L- — •"■ O -3 

O 3 — *- .3 

» O ci £ 
o -§< = •- 


X ^ g S £ ” 
■| I « E .2 -E 

5 o "^5 X 2 £ 

rt 3-2 ,, X 2 

”? '*■ c "E ^ 

c h — c ^ 

1 s -§ s § Si 

-X 0-3 3 "3 

« := E £ o 3 

2 ^ j: I S ■S 

BO u. £ £• t: X 

.£ « S E « - 

o E ^ X c o 


Ex £03 D-oS ftOCc 

Pftft> era — 'S5.£*'^« 
Oft CO*nC-ft__ *— 


O P C 

tr. ^ O 

E •'- -3 

‘2 5“ 


>L vn ^ 

■ 0—3 
tS o c 

ft, «« P 
*D ft k. 

P S -3 


gojoc-x:— - c 

P ^ 4 /“ g ft O ft ^ ft ft 

-a3E.£35§:H§J 

= l°f“.= .S-S-SS 

^Jslsgisg* 

wmi ^ o jc E 5^ 

nOT3.2o£SJ-=«£ 
jc cT“JSr^ !2 nOw «* 

-Ksfe^-5**^2^ 

>L = .ft«-frxp 15 


•aS£ >L = ,ft S.Px*J"“5 

x.i^'^xC c cKc>-E-£< 

.*2 g X -s •> S J! ^ E i *5 X 

jB.S'^CftXO^-xgg 

3 c 2> c .S* -ft X X ^ ? 

*^csaO'X3ij;O^Jgogc 

iSSEJ:c^rS^S-«PO 


53 V. •>5=: 

£&■•*= S^’Sl'S 

S5wo^§'q^*>E®^ 

cW'wKP— ‘^**‘ 


«D -rt fc- I- ^ 

2 g £ £ - 

■5 -S -•S3 « 

> p « c g 

cB ft ft P a 

t3 ^ • 

^ X C O P 

I “ 

S fJ 8 .3 

,£p^o — 

^ “ b P 

p ft. £ X X- 

« S o x" • 

BO £• 4> *3 

C ft? P~ » S* ^ P 
x ^ X S g 
s O 8 5 “» »2 

£ ^ ^ -2 I S 

•- S « ■= 2 ^ 

— -2 BO P -3 *5 
fi X « ^ -X s 

i i'E “ S a 

so Ig« “ 

1 ^ "S 2 “ S'?S 

I § 5 iL<-S< 


g .b c b • 

g* «« •« 2 M. « 

“ o = :^ £ E 

•O O v: O 

-o 

v: 2 2 ^ 

te — Si ? "E 

o o g Cft. 

fe - E -g o 
i-'S « bo£ 
SESo.Sg- 

1 ° t ^ 2 i 

® Si o S -s •" 


®SioS-s'"' 

g £ U > O « ; 
.S ^ ^ E c 

1 §S.|| S' 

«S O 3 3 00 

^ i p I 

- &• w & ^ 2 
> 2 c E 
X 2 -S -g £ - 

2 'E-X §2 b 

■p S3 == *) *2 o 

•b c; 4 > c o 

N w. ^ — JJ 

, c £ a e — 

; *^ ? „ *> 'ft o 

00^0 — 


^ V5QOO ^ £ I 

^,5 0 '.^<>ciC^r 4 c i 

a “5-lli il*l ^ 

B -111 .5 i £ - g 1 ' 

5.b*E2ft5'^*r'0« 

3X3— ftj;Siy{«ft y 

— X •C<->«C-C3XX' 

0i:xoc>SD.,-5:«P 
< o-ox « E. 

^ o vs.SibpOl- >x:' 

V3 C* O ^ ?3 

£ 5 « s t b g-5 S E 

ftBEo fty3CftO 

«_00003C«8,j£ 

;2rtX'®5'~^2oft 
, « w g,C ^ ^ ^ ^ 

1 I! 0 ° 

/—i E C >'3'Xft C-XX 
’ •'Xft^-s^XPo'^o 
- 0 » 

2 O-S = s .g f ? 

= 3:oC3>,SC'«Xyj 

5xao i_ft 


x.ao - .Ai — •st'u.ftx 
o^x£2 o P’S o o2 

« U S'SbSsgx-J^.SP 

'o3Wx'^"5S«“ 

, ° S).S E g> ^ 5 > c 

i,.go-g5s£|^ 


5 >,6^o°5 Ji-®p>£ 
5 x 8 c 6 < 2 o^*: 

£.£ fi P «o s^x l-S' 
-55 H c^x4i .l 

'SI ^l|ls g«: 

«£‘5*n,o Ew-x- 




-O 


>> 

c 

-5 


j= 

S 


tiJ 

*P 
0 -C 

E S 

2 w 

2 S 

'C ^ 
-0 — 

M 0 
»/) 

gN E 
2 S 

v^ 3 
° 8 

ra 

p! (/> 

3 u 

0 ^ 

E ^ 

k- 0 

b* ^ 


c 
o 

-S 

13 -c 

b o 

S 'O 


c: _ 

.£P o 

’i/i c 


-o «= 
o o 
c > 
•— o 

'J —. 

I 3 

•a -z: 

.2 I 


_r .- -o 

? .E 


g. 


-C 


5! ^ iJ 2 


u ^ ^ 
o c 

*W Cfl 

(/) U 




t3 

c: 


r- DO 

•S c 
o -cr 


-o 

8 


i:. “ 

a. > 


"3 


o 


CS 
J= -O 

— c 

« 


^ M M 

3 CJ op 


_ C 


r: euk 
.12 c 


c 

s 


ii 

o S 
u 


i ■£ •« 


3 -c 


^ ■< o 


o 

to tfl „ 

j= « — L^ 

•o O I- 

3 C « 

^ ^ c 
c « « 
o "S 
^ - to 

u c 

O -« 3 

> O — 

£i 52 ^ 

« b 

"S i2 oo 
j= o b 

DO w 

O 

o “O 5? 

^ c o 
*S o -c 

^ ^ -c £J 

o • u rt 

3 U U) U3 9 U 

c/5 is 0*8 0 

o « e O i 

a. ti „ ^ X 2 

x o ^ 

O b> U ifl 


n* O 
t? -a 
_ "O 
o i* 

C A 

■o « 

c v2 

O .3 


j3 

C 

E - 
o &> 

■5 

o «J 

c «j 

^ I, 

. c 


-3 « .. 3 .- 


O t/5 
•r: ca 


w H ^ 


■£ rei ^ 


O c/5 
> ^ 
2 — 
3 c 


CCJ ^->. 

O 00 


wo VI 

« *C 
u 

^ e 

= i 

o » 


X .3 

«y 


"1 

E « 

(n w 


C ^ 

o o 
> 


52 CO ^ 


> -t3 

^ o 
c 5 
o o 
‘cz: jc 
fO 

y i3 

O ■? 
o JJ 

O «» 
-C k. 


Ji 


- JZ 

c .r: 

jj t> 

£ Z 


O to 

Ck. c 


« a 


? 4/ 

*t3 
t3 3 
oj *2 
« « 

.ts 
c/a C 
eo > 


o .!;X 


»“ -C — 

O ^ c 

*£ *^3 

o "c" 5 
^■= c 

Q 3 
2 o 

< 

^■36 

“wo 

8 « 
52 "O •« 
ca .3 ™ 

5 => £ 

« ° •*= 
O - (J 
•— ui 

2 0 .E 

^ tJ 52 

- <2 E 
•S .S 

I ^^l. 
g i ^ 
I -a 2 

1 « g 

> 3 

£ * BJ 

2 tJ o 

^ ^ -o 
o - c 
•S 00 ** 
c 

jC -3 w- 

“ "o -2 

o 2 = 
-£ 42. S>' 


*— w 
CJ .3 O 

c Sf* 

O 'o vO 

“ J T 

.E o ^ 

3 • 

Q r~ C 

^ U b. 

if P g 

^ Dp C 

to til 2 

O .£ CO 
"T _. C 
c/5 — 3 

^ o — 

y go «S 
■o l2 
O - C 

^ S “ 
-= 5 « 

c /2 “2 cfl 

S ^ s 

, o <3 .2 
5 T3 

5 > E 

sz 'ir\ ^ 
rz ^ 


o p DO -C 
“ 5 ^ E -? 
“? y J=: ?, 


3 V- 
3. U 

F 

5 so 


3 CJ 
•3 ^ 


to 
C C 

E 5 

is 

g“S 


s. 


5 -c =: 


P*w "O' 
— 

15 C:: 


CJ 


.2 
to ^ 
t= B 


^ .£ 


to « 
f~ o 

J g- 

■2 ii 

^1 

. — tyi 

S "« 

^ o 
P: o 
to_ 

£ 2 
g 


U JaC 

^ g 

o E 


- K. 


1.2 


OJ 

E =* 


a o 
o "o 
-a 


P>0 4 / 

./5 W <J 

•r* o P: 
■- CO « jO 

w o JS 3 

tj x: — 3 


so o 


3 ^ o 

g ^ 

— o 
I? *3 
o 


CSO 

to 


3 g 

:>^ O 

3 

w > 5 -D 

3 _ o 

u c aj w 
CS 3 e_ 

. -° o 

*•-* ic— r^ 

o 3 -= 3 


o ^ 

M E 


p “ 

3 ej 
-£ > 

- *0 

•g 8. 


o 
■3 

CS 
u 

u 
> 
X 

«/5 

■3 .2 

o •£ 


o 

o 

3 

1/5 

s. 


O 3 
is o 

C f* 
3 cb 

o 


u 3 


U 


-3 

8. 

o 


3 "3 


«3 

o 

o 

:§ 

a 

o 

c 

C3 

>C5 


Ji "Si 

1 ° 

o -i 
rS 6 

<L> 

is “2 

«— C3 

2 E 


- c C 1..3 

SJ 3 . 

O _CS . ■“ 

E ^ 


2 i 

zl 
-2 8 
a «= 

5P J3 

o 

fc ^ 

3 

(/) w 


c 

0 
>• 


P i 
u 

■2.5 


3 JS 

U". r- 

O c 

C, 3 


jc « 

o I 

*= w 
« ^ 


o w 

•3 JD 


•3 CO 
^ c/J 

c •■“ 

CJ c/5 

E -£ 

C "3 

p a 

.3 c/5 

3 3 

fij U 

o S 

^ t 

.2 o 


c "J 

5 g 

- I 

3 o 


to .2 

I 


U — 

O o 


O o 
"O -C 

o ^ 

C« Cd 


® 1 

u 2 

1.5 

o S 

c— S 
2 u 
“•o 

m JC 


E c ^ 


.Si -iiC 

■3 2 


-2 u o 


2 2 
C3 ..3 

■3 3 

a « 

o. 

c /5 t) 

2 3 
o “S 
E . 


JO 

E 


o « 
•o E 

es 

O K 

.> y 


3 •— —# c/9 C3 


«/5 . W >> 

3 ^ c/. B 

C C p CO 


0 o 

w U 
3 


o S 

£> .0 


.£ ■£ ^ 


00 5 

3 « 

o 9 

< E 


3i _ o 


tz 2 
~ c 
o 

3 


S S 


g. 




^ O CJ f5 ? 


&o 

O 2 

o « 

° .g 


9 , « 

Oa O 
»< .= 


“ S b ou 

rJ- *-« CU X 

i— O X> O 


O r= 
Cu S— 


1 E 
s5 .-a 


X 

Cep 


CO 3 3 

0 

c 

Cl. 

3 «J C 

u« 

&> 

? 

>V 


-2 

til 

*0 CS. V 

w 

0 

0 

c 

> 

0 

-0 

> X -0 

0 



1> U C 

XI 

U 

0 





c ■£ 

•£ - ' 
" o 

5 

S 2 

I 

.5 ^ 

‘ ✓ 

a 0 

It 

X ? 
u -o 


rt u 

H I 

rt 2 
^ rt 

u 

> c 

2 •« 

5 ° 

H u 
’■O 

£ = 
« n 
, u 

E. 
H ^ 


X 

!9 is 

^ 

u 

>> r; 

2 u 

t 

? Q 

2 -J 


^ tXj >: 

^‘=-11 
c o V E 

3 '-' j". * n 

=> ■— S E 

*6 o *5 ^ 

1-^ "si 

•5 ii £ £ S 

w 2 -o -o ■tq 

£ s g I 

^ "3 — l/) 1^ 

tU X I— .2 

I- u C -g 

3 ^ ^ X. ^ 

E 2 E “ 

c =? B 


Cl> 


u 


t> o ^ 

« ’.£ ^ Jt 

’r •" C S I 

CO o 5 ^ c 

.E •5 S “« 60 

? S — S .E 

O l« f3 O 

£ ^ ^ ■g c 

SJ 2 « O . 

WJ y . i 

O tA I 

^ "o ^ jy ■ 

.- ._ o > c:., 

2 ^ E X -2 p ■ 

lA w -O v; c S . 

o j 5 ■&. 5? « t) 

« ^ o C--3 o 

'*" «. 5 !£ E « 

- c .S " « U-. 

c « P X c 2 

= o „ I; 


3 — 

2 X 


2 o 


3 O 




2 c 9- = E -o 

o .2 t« 2 3 

2 S n X >— 


5££-2-£?s1 

§'E"'3e'7v^c 

2 E rt . " 2 E 2 

•O" Cli/‘ >»‘<^X'E 

3 X P 3 u ^ 

-"=l{5-£jii{q 

c £ o . I/! c "j5 I/) 

C* MOW . O « 

y *3 . C u. -S -3 
-“ != ^ O w. o t? 

^ J -^5 ^ ^ "- 

=? E t ^ ^ 

y 60 o (2 

^ 2 U 3 

1/1 • u C? 

Cl -o e *= 

H |5 5 S 


■^0 5 

^ JiZ 


U 

o ? 


> -x 


t>0 

H 

X. X "3 


60 

3 

o 

X 


o t/> 


■o X 


^ rt 
60 


u 


X ^ X C 

c > 5 « .£ X 

.E ^- ■£ £ 3 

E 2 £ c c ■' 


y 2 — c to 


2 '> 


~ 


c /■ 


> 


5 c 
o o 

c 

O ,/, 


CJ 

■5^3 

3 O O 
✓y _ X 

u " y 
y c -E 

X. Q 

•X o 

« c 


H rj jO 3 '— 

« g" 1.^ 

. .E -3 y. , 

> = « § 
d rt y — 

S E - -E ^ 

1/1 r- 

Cl > oc. c 3 

i/. X* —' •— r; 

C Cl 


r; c -^ •£ 

3 ^ ZJ. X 

X S 
.. X 


'J X 


Cl 


- <-' X 

- • -^ = 

3 tl 1/ ~ 

. > C >-1 

2 I I I c 

^ E S u .£, 

D tl > .ti 

^ o u 

- P “O 


^ . lA 

E- S £ ■= 

•/. rt f' /■ 


rt w. 
X ^ 


.£ O 


C ' -S 

y ^ 


rt 

O- •- 
P iS c: 
c ob 4> 


O -5 X § 


^ - o 

y i 6/1 g 

O £ ^ 

2 ^ • 

xs C p ^ 

"n ^ "3 

u O tJ >1 

1^ 'Eb E " X 

E 2 w r* *2 

5 "”^e^S 1 

f.pK.i cciKxci 

'-' t 3 ti >s O ” Z- "5, c 

cC-t) »jO 

Ik^EE " C 

y 2||i 

o^x^o c £ 2 oo ^ o 

fc = ?■£ u g t!- g,"? U> 1 

<''^c_> ^yoEx«*>_^ 

X ^ 




c -5 

't > 
60 
C 


« O 

rt cj 
X -o 




3 2 p X _ „ 

tgotox^E- 

=i«i-.««}g2 = 

Z3 i. 3 C> > w 3 
U 3 2= X « w- 

— “ 3 •- X I£ o 

X W- </5 C 

-I ° £ I's.l is 

3 S 2 3 "c « — 
uj o iSs o — rt a 

O ? V *0 c -S 
Z o*"t3 C-g > ^ 

fef £ ^? i 

g 3 P O 5 '' 


r > >' — 

^ 

-J c .E cJ 

o £ .. ? 

E -' E a. 3 

l~ W-» O ^ t- 

£ OO 3 "3 
3 _ « ^ - 


x”5C^>_,yoc:T«*>^ 

.E;?!-CT'C*'’E60'3«6^C 

o J!d«^«x: d.“S 2 « 



S'E.y y!3ji2/^i« 

> c«c>'ac>‘*y 2 -- 

>t>Po _ 

>>Ko::-'«E|5y:£ 

2‘*-~^.ScO.E«E—-y .Cc 

s 5-p -2-31- -x t &.e 

o‘-£|3-ggb£t.E«£E2 
oE .'^ExEycwK-~j.ti>CLX 
■Sc§=^yS."--Hb.:^“"|u-S. 
a c, 3 i ^ = S ° i-- I.e K ..- ° g 


X r3 " 


2 c 
O x 

t: ~o 


u 


X O 


u 


c c 

.— Q 

w U 

c 


_ i ij V ^ 

C <5 5 « .X "P X X 
w^SfcyE - -«- — .1 

Cl X 3 ,_ X 


2 "O -3 g 


c/5 VJ 


• c y '■= &.■£ -S 3 “ c 

^ d "S CO (5 3 ^ X 


(o rt 
o JJ 


> 

n 


3 . 

^ 60 c 

Ex CIC303.3 

9 ^ X ti -E S « 

60 p y3o'o 


60 c 

c *- 


” U Cl 


c;^-»o "c^y — 

X ea2 3x0 mX COc— X~.— r-x i--3 ro 
<_C|-3— i3“_— 0“"'3:-a&pci3y'no_ 


= .i .E 

•=! X «/. 

- 3 _ 

o c 


i2 -Z 

Cl 

.w 


S "o K 


CJ — 

*6 ^ X 


3 X 


X 


3^3 

eS u £ 

g. j « 


b 

* 

I 

L 

1- 

I I 

4 

II 

li 
^ s 
Sr 

Kl 

K P 
^ ii 


fc s. 

i ® 

5 I 

p a 


•" H 
a o 
■2 £ 


^ -S 
6 ?, 




c -C ,: u U jr 

~ c =: H ^ ^ ^ 

^ £ if 2 = 

as . 3 : 5 ^ 

,T W, « 2 iz 

•5 -S - E c 
e> ^ ~ 


C -5 C O > ^' _• 2 : 


w« ._« ^ ^ CJ n 

3 1 i c s--^ 

5 "3 S O 

-rj C o_ * »< ej 13 


;3 w< - cl" :: 

c -:z -1 

i - C .-; 


u c ~ „ ra - 

- «C t» c ra ^ "3 ti 

~ :: E - c.:? c fi c •£ 

2 « 2 ^w.“ “ 2 o 

E«“ 

o rj ^ c "3 ** 0 3*^ 

J; -- ^ u 00 

-C^jO"’ > |.o 

— uiiOuca ^Q 

= 7-0 

ra Oca^j 

■fcl* " 1 ? Ct 

iJiJjie-— *“ c o >xet3 Q 

‘«c:ca^-=:^ a — .~> s 


™ ^ g 

C ^ .- O E 


>< O 13 

o ^ _ O tl 


O ^ Wj 


. ■-» 

r ^ "3 


— EqOj. 

c:rt--‘03^,9>22 


3 ^ > S^r-'SO C"^ ^ C"?^ ^ 

«K«S.S‘=--"’'=^^u 

?^o cJ^ —‘Sr — ^o.= J= 


03.0 = --"’'= = 

‘-> ‘^Si3>'«P2§o 

cT "a -i' »--S“^'o'~ OJ 2 -E 
o . tz cs ^ ~ J5J£-c:£j 



-C >►* 

ka 

JG 

1 

5 1 

c 

0 

r i 


2 c 

3 


c 

to ■ — 

C 

•S 

s 

gj U5 

l| 

03 

0 

Ca iia 

0 

u 

00 2 

0 

<r3 


C i/5 

0 

G 

0 

XZ 

cr 

- CO 

-3 


rj 

.■^ c 

C 



c; >- 

0 

ix: 


-2 ^ ^ ^ O 

o -S ^ ^ c S o 

S»sg^S||„si^ 

g-‘"'2-J2Sgu:23 


55 Qt5 3"^'Ef9 

bg'^'crt'^ - ^rtS — 'g-Hga 

“'•=a o^-sm^tj-hc 

2 S<J— "ra-— 0 '‘“— yo!r;“^ 

«« — 30|SS-0E^2^3«-D-£ 

ra t;— _^jc o oca t) c ‘“-3 

Jf 00 2 _OC-j;^jc;« — . _.133 

g:S.cc“- 2 .^ow>-|g"OCo 

a oE5-~rta 6 g.s 2 .i g 

« — ‘/»W30— 

« --O — .yOcoCflCQ.Q.ES'ci^ 

ci^oO^fS^ Q-ca — O g 

a .S 2 -c « - i 2 ■« "5 5 c E £ ^ a ’~ 

l^o2-S55‘"-a5E'Z:>«c>oCc 

Imm ^ *C! r- *C *0 *7^ ^ C Q C3 IT 

<J 20 O-jjo Tt/S ®^'-a OJ 03 »>~ 

OccOSot/icyp^^ «=5i“ 


Q-S'^irtiac *JQ.S 

^ 1e 1 > a o £ 

^Q 2 H"r ” o 

-“ Q.-- OCiO, JS “-*= a? 


-°S.— oto ;a o-g „t*Sle''^ R ^ ■— .£ ^ o *• 

*o«om — - iS'SyocEE £a’" 

-=-o''|.E c-«2-S55->^SE->2HI^oCc 

tiS*-?.. 5 ^~>-'^'cc‘Ci3"q - ^C‘~o« — — i: 

§e2 *52 o ys OJ=g e;^ — 

caoSSS-S'p O n-a.^ d og ra2-a-'3 

>**“o»oir?y^O« Tacjeau—is^oo-'- 

■3c>>„£SS‘^"’>,^13«^-g22og5«cS 
«'u'So3So''o^5>^”g£ci.«E‘«— S“« 

oo^^^g xQ.Ecci.^ai- 

SJc:oOj;; 2 £2 o— >i-- 5 ^ ^ ^ 

t) ,.2 Ci) C ^ ^ u ^ ^ ^ 2 ea —^ ^ *w ^ jsr 

^ i ,511 M ^ CJ r** ^ ^ f— ^ ^ CJ X -21 O 

h-S®® ^ ^-F 

3<— aEr;2o^**'^” oCrtcwo*^— tj Cv- ~ — = 
£o'5ci.y_Q7:i ^-cci3co OceaQCc:^ 

— •-Cv5.*^u- ctauCiorac 


^-3 s 

h8« >Eo2 

E -- " 2 “ 2 o 
-= o -5 Cl. 2 ^ s; 


_,s-c 

_XO-— £= CL. 31- 

C?«—.o = w. .CO 

o— 

.c ^ C—^ t> ra ^ 


o 2 —* <u 

"O — . r= 

c C oa -o: 

o O o 

Jj E r-~ ^ 

^ rva C 


5 ^ -C 
c cj e3 

o O ■“ 
u ra c: 
<■ o. — 


,, a E « 

2 13 r? 


a‘ .y y 13 O -- . 

- ^ JO CJ C ^ O 

- Cii C ^ w* 

3 U o £ 3 ^ B 

^ o = .S ^ ii 2 

_ 13 —, 'J tj <= U 

c 52 _> •- 3 x: 

o o 15 "c ■? o *" 

^ JC o i ^ 

> ^ s r 

: c 5£ ^ ^ 

• ■“* o H -c 2 i> 

Poo . 3 *- a 

i ^ I 

^ 2 ^ “ .V ^ 

) u« <y: k. rsi i> 

■ 'C = O oJ ~ ^ 

I fij ra , n 

' c E >— t. o Q 

.•s g g'of^' 

c -c -O 60 2 ;a 

2 a ^ 2 13 * 1 - 

n «/5 o c o 

c e> 03 a C 


g ^ o ^ c 

O "H - 

13 l£ ^ "O ^ 

o O o Q 

in 1 — X 

« O O •- 

CQ CO £ c3 

to t. ‘-' 1/5 

Q. rt I- 4J 

o — c3 ii 


i §' .c 2 

2 - C § 

a c O '-* 

O O « 


i “ 5^ u 

-F 5 Q 


c o c* y 

o _, O O 

c -g 2 C/3 

— 1/5 


<3O5ap0r-«-^ 
— i'S caOcxjc: 

75 3 -, P ~ -O o 
-S'c 30<'^ 

ejj c3 2 rS o J 6J 

c E « -c _ • tQ 

•c . 2- § .g S 2 

=»</jcSoo 2 p 

QS:J-^^oE 2 S 

• ^ 'o; ® -fi= c3 a 

1/5 =J ^ ■"‘aco 

o"^—I =13So.c 

^ "o ™ -2 2 “ § 

Sj=.2^ c3 '-'oli:: 

-.o.agcL-wii^ 

n sa-a •= pc:i3t» 


o2 — = "^.c'^E^i- 

c o ™-a£i“—lOW'^ 

!3j=.2^ c 3 h'H' 

_«j.agcL.«ii^yp 

cC:-aei> 2 :: 

SKo‘§S?o“i|.. 

s ^ o M ^ ”'s-.= ^.i«° 

wS 3o^no=:oO 

— ‘rt'a<JCQ«juE 2 oo‘- 

ao) O o ra2.cs Sa.£l3rj-Cl.!rt 


2 Q. a 
S* o o 


-O S K 

E 2 « 
g ir « 

« 3 S 

M'S 

2 «> > 

. u 
oa GO — 
c C .. 

o :E 2 

£ aa a 

a o 3 

y § s.. 

"S w* c 

ill' 

9d 0 ' 

aT. 3 .s* 

i^^l' 


=i 2 O 
0 = 2 
2t ^ t: 
c. ® 


u c -E 

t n ^ 
- ii « 

c -a 

o V O 
c c x: 
= S tJ 

1" ^ 

2^3 

13 -3: ^ 

2 ® a 

•* uS 

—• WS 

■2 § I 

o -5 > 

S Ji 2 

cS c 

o *• 

“ 8 • 
« u a 
^ 3 .2* 

•I •« c 
u x: 

13 3 a ; 


« •- .0 

a u v», 

a S 

O ui >5 


— o c 

§ I 

t: >. o 

O a u 

g- £ V. 

-^ss 


t= -f ”c 

2 =0 E 


•a "2 -^ ■ 

^ a . 2 ? 

5 J H 


— 2 ^ 
^ o, g 
6> 2 
oa o 13 

J « 2 

a ^ _w 
w O .-S 

o- ^ 

3 £ 2 

W3 U CU 

§ ? o 

■2 - -^ 

— ^ 2 
u I a 

^ r^s Q 

o «« 5 

VO O 

Ig 

C/3 F* ;i2 

V 2 

o > ti 

3 2 1 

13 a — 

..-I 

13 33 o 

a ^ a.' 
2 S 

WO ^ • 

i> O 

^ ■ 

n: w> . 

«i ^ * 

u g jr 

« e ^ 

2 v> o 

. 28 ^ 

c ^ .'ts ■ 

g 3 - 

"2 w — 
o. § .0 

« 11' 

-S " H 

O 

^ ■£ a ' 


3 <- 

o- 2 

2 I ^ 

c « « 

0^0 


i. § ^ 


U g c 
Q B '^■ 
-J .£ t= 

2 c!; 

<j" 55 o 

.2 2^ 
^ 1 =: ■- 
C. tj 

2 r- = 

— 2 o 
a — CO 
o % 


a ^ " 

■5 “ .3 ^ 
c E 13 i2 


oiai 0 0013 i)r;:>v 

O a.£^2 3_g 

Eo5 >.,?ac£-' 

”>i». ^ O f!l 

> o ■£ CO 6> ,c 3 ™ 

t: 0 js'—jrwj 

^ - o«)3cj-= 

Eg E--0 e.sg£ 

•rrtoa^aeio 13 

o‘^o2a? o-jjE 

«»« o-r^^^ts 5ai3 

c^ ^Je'S-aa 

t> !s Q c3 y; V ~ ” 

c: w GO—Jt— 5*0-3 


■- o ^ 

^•f i 

<— a C 

0 ,^ 0 , 


> E 

'COS 
2 * 
r: o « 
c 13 j- 


t -B § 

13 O -g 


E .2 

C =S c 

I-*V </5 ^ 


o -cr ^ 

o P c 

J2 • ^ 

o ^ 2 

2 

o ts > 


a o 
^ -q 8 
"6 ^ 2 

E o § 
> > 
w O 13 
a TJ a 


i> S'—'-cr^xci' 

.5 «j S)-Jt— ^ 0-3 
oo^. ^S.gg 
rt i a o,a = ^ 9 

■£ c S'oa c/s’g 0-.5 

v,«2 

' ^ ^ _i*^ Ca 5 >k. ^ 

C C Oo 

>a<! £ O^ife 

£- c >13 i 2 o..3^2 

3-3 > a-n3l3t_-ot 

o2t..^s 2™Ow,c 

'Jto013-0 3- «.2 

<—» Cl fa i-a *0 JI3l "cO V3 

o'oC o 2 

oO <jri c 

|S^d-^.-S§3|,c 

-oc 2-2 53 c -2 5>*o 

^ « aj -is a-s s .& 

«k (j d ^ 4i O 


? J3 *1 2 1 el 
^1 i I.«1-11 

f-gc EC 

*'4 o Q 3 •■3 t; 4 - 

O C. </S (4 4 2 


o 



'7 "t C. ij 

5 C ii e c 

•g i « c 

■Sews 

c o o 

rp O .rr &. «j 

h P P ^ 

^ .5 ^ 

« =P. - n 

TJ ^ ^ g i 

f 3 t; ti r* 

” -e X 5 .5 

o c 

JC Ui c u 
C _ w - G 

rt o -£ u ,= 

s ‘S 2 8 . 

c« ^ 

■P t) x: 2 
O w c xi e 

^ o ° S ^ 

V B i 

J= --CO 

" 5 ^ 5 e 

c <2 t 

o S t3 5 

2 w .2 «> 

£ " O. t 3 

£1 * = P c 
«,= .= « 

.£ c S. — * 

x: o c 00 

- £ w JJ C 

V- CS fS (8 Co 

O O. =1 

u- i« c a. o 
CJ « « -c 
--; a -£ o - 

5 = -s Ss 

1 " Q ° ^ 

^ C _J « 

" •§ / -c X 

= =c> — 
o r: c ?, « 

s ^ S 

3 C. XI 

■— •_ o "2 ^- 


C. M C. CO 


■£ c p ? 

5 S E £ i 

_ o ' 

1 o 

§ " O w . 

o -c x: ^ 

O ^ IT. 5 ' 

2 r|' 

S--^ •£ ■ 

O -P “ 01 , . 
O E - E 
> o. ja ■ 

^ 42 ]E 

o c 5 " 
“ ii > *o 

-3 E «3 £ 
u c ” 
« E ^ C 
75 r P c 
E > o \= 

1/1 l> C E 

.2 c -2 E 

2 ^ S c 

- ! 8 -': 
a %j > 

c ^ t- u 

•S ® C3 

2 1 /. ,c o 

E « c: - 

o — c 

p « 2 c 

o 5§ c « 

o c := .5 
■p O ^ c 
C "S cs 

< a. i 3 


*0-5 0 ^ 

-o' ” ri £ 
2 £ P 
UJ •' 

« Z § 

.5^1 2 I • 

E il' 

— E *. ■ 

, '3 2 « ■ 
' * 1 : 5 ^* •" 
o o <J 


^ - E ' 

i C « 

o y< 

•i i O 

•C iS 5 

^ .2 C 
^ « .2 
•E Z » 


3 c S' 

:= P O 
^ ;E 

•< jc — 


-b t: = • 

J2 o c 
, C n ► 

_ ^ c 

■ - j;- « ‘ 

y js ^ ( 

c ^ ^ i 

E —' -o I 

n >« ::: I 

' W (J 3 I 
CJj — tM \ 

. o r 
Jr ^ ^ 

I ®- c c J 
i ^ rt C • 

1 c ^ 5 

' £ ^ & 

0 5 ^ g 

; o ‘P .12 , 

’ I ° 

2 .2 P *7 . 

: 03 

5 c « SJ 
i S5 c cP 

- 6 'E ^ ' 

? P 5 - 

= 5 42 

r ^ 2 

- tu 

; f3 jC -a 
S .■= t- c 

^ 2-4 ” 

o cn ^ 
g S 3 i 

? O 3 cS 


s" ^ 

tJj c /■ 


— X 3 -p 52 

F -/ u. :t Z 

r* n !J 

E E -P 


1 -^ :• 

?■=: o 


Jz u ^ 

I 

I s 

« .2 o 

a 2 c 


. - P -P i/ 

4 “ - P Z 3 

. E - 2 c 3 

r- P 3 ,c p •*: 

V — C o O 

^ ^ ea > -^ 04 

^ p e 

- /■■ p 

p-_ - E o 


'■^ C g' '■ p 

_, X E tJ r> 

1 = « 
- I 2 & 5 


O O o 

“ ~ IP 

- E - ^ 

I -o ? 

■g o 3 

W ^ O jc 

■p ^ i/i K 

c C ■“ 3 

0 3^0 
, o vP c x: 

I .. O /-, 


_ so c P t? 

— E 2 c — 

p ^ 2 ® 2 


i- 11 &// — *r^ ' 

c rs ^ i 

V o .- ;r ^ < 

.Sl^il' 
^ ^ .12 


c- r: V » c r* 

5 r“U u. Jr'*“r-w> 

Ji ^ lA -r 

ji ^ S ^ c *r^ 

> I £ S I- - 8 I 


o s> H. •-• ® 2 ” -f, __ _ 

2 /• ?;E S-g lA 

5^1 i§£ 

Sps^Eo *2 £3cCJ 

Er 2 tr^P»«rt B.^ w ,2 

__ O t/* •*“ _c "'Si 

^ ~ Ci .1: J *5 -h C C9 

£di^I.^t 5 |32 

C ra cj 


C « 

42 > 1/ 

C- -L) « 


13 lU w rs CJ 

rn=3“r:^ > 

rZg'' Si‘p-'S> 5)3 
E:^ 'ci:§ -3 ^ « t W 2 s 

P x: ~sc.ac= .32 
ppec'* “ 

^ E -2 = J 4 E.»^. 22 £ 

s ^ s E E ^ .s 5 -5 -g :e 

4 ; 2,^42 £.tn 5 :: 3 t/ 3 t /3 c. 


Pow = 3 3 *' 0= ^ =--'•£—^■ 2*0 

£'p_. 2 hP"’ 8 '®-— 3,1 oFf “oEp: 
U!-Ppu-“ Po^U — 

!i'^,-oSQ?CQj=i2t;cio = >^> 

.'“piE.cS - 5=5 

X ri c /2 ^ >-.w _I f3 •"* >% U 9 


c p o 2 5 

« > a. - ® -- ® 


^ • 00 o IS 

« « 2 5J? -o ^ « g ^ -S 

.E — E'O.rt O-^Q — :w' CO'PO 

V- ^ O 3 ^ ^ ^ Sm C 3 

^ci ^>0 S'^wT32€®u£'— 

£ 2 -p ‘g ^ lE ?, £ a 2 « 

«g^iE 2 r> - 

xg .t:«c 2 .■^ 2 ‘®pa.oP 


E5'-:«-§l^i -8.22pg.5=|’c£2 .^S«iali 

S-EyPifl^-wj ^•O'- - 

C3 ^ ^ 5^ CJ IS ^ -f-t S— S O A-» O ^ Si ® d c 

rP o®p:^. 0 ^ 1 — Ot8«'®®®«3 "Si 

«c-*^^2E*'Sp5®KOpg^^C: cS c.£P^ 

iiS2'S^l8°|-ils''2?'gsi:sS-s.£^-, sgs 


ocue^ ooS<N^'K k'^E 

Is :-s -11-5 - iij 

- “-o*ic8- 

c/3 — 73 . SO i SCLOP 

* Z3 

o o ^ — « o >42 S"""£^ — lE 

^■Sia'co'^o .SEo^^lr 


^ ??rt*ocH 2 


£“^.s££ii:-® 5 

^ "" ^ ^ ^ •rt 


c .i= Cl 

U O -O ,/5 

t/5 ‘Ss « z 2 
4 > ,*£ fc- us 

€ > R 

C~ 
c o o 


^ ^ •— ^ 00 “E o o "" ^ ^ *0 

cR,'"uj I “ g.H.ag SP>r« ® s 

— “* o S - E 0 c .2 x: 3 — r, «a o *« rs -x: 


B S P 3 .£ c 

^ 5 y « *0 2 

p 2 ^ a c® 'E 

’— .P O ^.fl M. 

w -o S' “' — 

O C 8 «/) p 


^ a c 
£ c £ « 


“ e O 

I g V 

p P PS 


£ 0 g e -J *c 

ts x: P: "a « 

C ® x O p: « 

g ^ o o _> 

•a c 2 c— ^ S 

o a o E 
a . "a >. 5 a. 
44 '■« a o o X 

■5 o ■£ ^ x: c 

u ^ D o 

« B c u a ? 

1/- C c-s— — o 
« u Sa p x: 

5 > a « E 

£ -E .5?^ « J 

ji ^ « -d: 

u ^ g-pg- 

O p > “ E 

o IT. 2 c — X 
U .4: -te S . « 
£1 C C- ^ 

^ £ • u; O y- 

o c >0 


■ *0 d 5 O 

' p g .2 .c 

: - “ e a o 

5=5 > e 
5 ^ 'i s - c= 

^ ? a. 4, “ - 

4 £ c i o .s 

- O > O ^ _ 

ii .E o S’ - ° 

= E ■= 5 g 

w - - s 

o a J4 x: >i: rt 

p -2 c. 2—2“ 

* E « a £ 

^ O m *> 5 O 

w .iS 3 CO w ^ 

4 > K O C 

5 ^ O ^ ^ 

Cm ^ • * e3 

tr u w 0 ^ ^ .SI 

> O X) 2 x: e 

2 2 T-i S « 


•St) 'Si o c£ ^ C 3 

to .2 P « o’S O'tS > iiP’-ri 


2 CO .JT o 2 P — J= P •= t) 5 O 

52«7joS-igp,^^°'g?^=2 
“ p — e h E. « o a 


8 - cBx ■£ ? ■• 2 ^ 2 

Xc'CS OUDiH'^S 

c'a — .2 E.S'O -oo-a.P 

^ 5 XS So 2^ *3 • E'~'4 ISa f? bo'*"'—* 4> 

isyaEP'P.-coocoEu.Si'g "cRo 
c*— o tj c® Pc;cEt>o 2 .-rt® 4" >-. 
Jp'tsxSu-^ .»i:a-c -pPe — •2'rtri® 

a B 

^ o! "S •" P"3 oSPP! 5^0 — o _ 


.E ■£ ** f O B 
^ — a* c — 
c .S P 5 > P _c 


a o a o > 

o « 2 £ •> 

8 . <U O -a g 


2 0 p-Sr: c = - ■£ _e *> o 

o— c^.a 02“ .o P 
toE<o> * WeSa 

0.2 ••■ao'Gga.. S 

s 3 .2 -C 1 2 2 2 5> .2 


>*In m»ny LDCs. of course, govemmcnl-owned f»cUiti« such as power p\ants ano STD^forey.lton and lack of clean wa«er round o«i U 

E some of ih® Isrfest tmiuers. 



z 

z 

g 

-j 

o 

a- 

a: 




U a. ri S: X. 


<■ 
U> ' 
Xt 


Q 

' E 
• S o 

I c/: u. 


^ £ 5 O 

^ r. -r 


-1 -J o ~ ^ 

ij c- i: ^ a \* 

6 S S 


a "-. = 50 

• 5 "5 2 

iT^ iti =5? 
'g ilri . 5 

^ O 3C ^55 W 

Tt — P 5 ?r &- 


'S ■£ 3 
. 3 J *= J 


h-S. • 


>3 ■ 


o ^ 
' o «: 


-S -5 5< 

= 

t: 5 *“ 


^ o 
C u 


C 

- m ^ 

: ^3 ^ 

^ ^ < -J 

~ w a C 

2 5^_; 

ne==- 


os £ 

^ -a 

w c 


, 5 c S I- rt ji 

_: u Q. U. -C 33 -1 


C-JZL 
rt ^ tj >r 


-3 lu — a 
5.2 o ; 
jt* >" a c • 

I i‘i'^8 

I 

I 5 

^ c ec:. 

o c -T 


-3 5 

I 

S S ' 

c 

. 2 ^ 
i=J| 

y o c 2: 

^ X 
Q.o >v .'?r 


I 

— c ^ 
< "* ac 

as 5'^ 

3C 5 — 

O' 2. c 
, “ *< Js 

I- g- 

Qtf 3 ? 


et 


O' — ^ 

-3 ^ => -J; 
X — txa: 


C '*'! 


•= y li 

E J 3 

t/i < y; 


i Er. ^ Z 1 
« S*- X i — — -C 

~~- . § i.i 

— -E J 


a. C 5 


3: c£ 

< -r-, 

oc 3 £ 

3C ^ C 

M 2 

QC "H ? 
2 

:a<f aa . 

. - 5 

x: ^ i= 

3: V c I 

£ 3 3 
J5 o 

•-n Q/5 < u 


£» c 




? c ^ 
Z. S o 


S? ^ 1 

V - *• 

* ir u - 


c «C 
H j: S 


1 3 3 
o' "> — - ? 5 

O' — 5 ''3 

2'S-£ 

=■ -r 

=8 


-C 

a •- n 


— jc !f J z 


5 S'l 

:« O « 0( 

a ■ O 

. —. o >0 

C -S U aX 

3 2-^ d.^ 
. .? 2.“£ 


■> X -o 


S ■= e 


ij u 


? 3— "3^ - 
cS E — . -o 


5fi-ce:. 


^ DtO' _ _ . . 

og-'S-Ej: . 

'-'s in o-ij auun 

-r'w.S2^!;dd'' cr''£3'*^x:^ 

7 5‘2-s33i “ 

= 3*X£;3 

(*4 v: — a- 2.— oc X 5 


^^SCSaSrSSJJ- S 

= §-=52t:3E«S§-2 

aex 3:^ = 


^ -c 

ix. 'Tj . 

?55^ 

.z$* 

-c 2 2' 
55 C ■ 

■S 8.1 


-:“C i 
. ■> 3 S' 

r n ?> 

S^ = 

'^, e 

I- >« ‘' > I • 

I' S S'n'*'X 




C 3 
UJ-o 
C § 

= X 

E . 

2 S 

2 •-> 
a. U 


° ^ 

|e a 

u 

2:u3 

C c sc 
•= Si 'C 

3 c ^ 
? a- 


^ C -C X 

“^'‘l ^1 I 

a a i o 
c ^ ^ •< ! 

a E X • 


? 5 " 
.2 « _ 
5 « ta 

£ S ^ Si 

e“ -• s 


2 .iJ , > 


c ~ ai 


5 > \. S 
c " ‘^'2 

— *55 K 

5->-s:0 

i = 

o 

5lg>- 

“£> 

5 gS 
r= e o S» 

-:i 5z 


- a o 2 

a r; eu g* 

a. c c S , 

ni«*J 4? 


' -J C 

= :5~ oi 

■3 -3 


£ ^ Q 

6 5: 
o 2 X. 
Ut::5-5 


1/3 O' „ _ 

■/> “-So'® 


S S! 
^ K 
a. 


c £: 


o ^ t c 
il .*• 23 
> u •< 

ST -2 c 

-ti 2Q r-i O 


^ o 
ocX 
.5 
5 <s 


a c 2- ^ 




; z c 5- o 5 
2 


« c ^ 
oI a a. 

> O 
22; 53 
:3 23ti 


. ^ eo Z 




5 23Z3 


w *2 
^ »< 
O 


i-i 2 
QC U 
^ u 
—. c 


. ^ o 


oa w 

-'B' 

t 

o 

Sr>; 55 


l±l - */ 

“ a 4j u 

^ F- E ? 

zit^a-CLi 


e /1 2 
.5: 


Q Q 
V 


uj C 


W _£<* ^ 2 

a. -c ^ ^ 




ea <m 
E ^ 


o -"C 
E I 


^ - 3 

s S-C: > ^ 


^ i~. 

1 

JS O^ E 

u — 3: 

J ^ 

^ ~3 


-C ^ 


s - •• 

‘'S-.ai-n- 

c -C— K. .= 3 ~ 


». X. Jd 
2f a. ■ .2 -3 •= 

IS .x=- = 


£ 

c ^ 

PS c 
^ ^ 


o -5 5 O 


^■= E 




Ha; K. 3 


i -3 «-i 

a eAi ^ 

a: - .c o - 5 
— 3- E y -^ — u 
» rif J2 -= E 
U ? -X 2.^' 


it>5 


_ < 
rs e^ 

o tu 


■;: i i 8. 


< 3 — ^ 


w-> 2 r: 

~ O £ 

^ N 

c» « 7 

O 5 £ » 
-»< |S 

•s8?,o 
2.21 5 ;f 

q rii 


uj r 1 
go^ 


2 S 


*fl 

«^5> 
e a ^ 


u ^ 's ^ 




a c - • 
E J 

^ o 
c 

oj a o 

."CO 


«-» 5 c rt 3 

5i ^ 03 3 25 


o — 


a-; 
*< ^= • 


- -1 - 


E* — “3 


< D 


aea. 3 a . 

t3 . t/i C 

5 £'£.-£ 

me .^ . 


55 c 
5 3 

ra ^ ^ tj Urn ^ > 


w 5-g 
o e.£ 


2 "■ i 5r S 

« 3 aj 

^ 2 
o S , ft-.- >. 
t: 3 E ” £ u 
u 2 r"*^7 = 
- 2yB2“ 

2 g .E. 5 < 

S. »/ j: 

—. ^ w u 2 c 

■ 2 «,|'t £ 

krt c "5 V 

CP c ^ x; X . 

5 ^ 3 u c 2 ^ 

la's o S i 1 

^ 2 ^ j- - tj 

OO C-H^-O 


U-a 

o 

^ w- 

u «i 

c 2 
c ,;■■ 

s 

VI 

o .s 

o P 

o ~ 

< 

CO 

’> c 

CO 

O 

jc t: 

c '— 

:d 

OO 

— o 

u: ^ 




O 

•“» 

■a 


c 

c 


=3 

.3 


= 

o 3 

E 
E 


E 

A 

Q 

es _ 

'S’ •-* y 

jC ^ O 

< « -iS 

a.® H 

a I 5 

.o Q x 


O o n« 
£ <d - 
P S 

3 i S 

o .is cr 
0^3 
« •« O 

t^-3 

O. .—, 

Q-. S n 

«« g o 


O 

s; 

s 

s 


Bh 
' li* 
Sz 
e . 

if 

■> O 

ct« 


O e 6 3 

„ 2 S 

"“•0 3 

la ,. e e 

X £ a « 

0(/:£ g 

. • c « 

U g a '£ 

(/3 .2 t/3 E 

s> a • 
a 2 >, 3 

-2 1 S 

: c C s 


(=. 

u 

2i pl ^ 

-2 

|i £<5 ? 

<u 

Q 

CB 

il§p o?S 

■o 

C= 

ca 

ao - — 

£ O' > |- o b! < w 
£;?Zt^3£ SU2 


S r3 XI J. ^ 

=S 

3 =3:=: 1/3-g 
=5 X ^ u — a 

‘-111* 
< 5 
5 3t 


[00 


<= eo 

jm 

ipi}?* 






5 

^ 4^- 

Z ‘^■g‘'lc 

I ISi 

i 

^ a S « toa 
cc V) m <J 

5 ^ 


u E c t 
"9 >■ 

l-fc I ^ 

" J^U t 

c J* ^ 
< " _ 
*4 E ■€ 

*0 >f- 

c 5 

I 


g S ? 2 ^ 

g S-J' 

6 i;< E-?. 


Sett Ii 2 

•A C ^ y ^ — 

Ii§ lit 

fe«,| 

»< M a < E 

sj !■?■ X S £ t I 
^■p > &eS j' 

ss £ ? . c t 

■E11 w psa 

,52 u-~ 

7 ■£ E.^ "* -t; 0^0* 

• P 4.^-i o 2 -g«, 

S; J s =^>-x St-. 


3 M) ^ C t- ^ 

5£5ig^5 . 

j . “•£ 5<i:s . : 

<2 ^itsoa >««■ 


r > c- c: Z 2 ^ 

? fi 

— "i ^ r t ^ <<• 

- 5 

f. 'ii 

o ^Z. - C > 

c> $ I I’i . 

• c. £ Z — <-> '^ 
>— o "5 -3 ‘^' 
fc o 5. - 7 £ t 

^ £q'- " S 
< -E^ *>=&. =■ y ■ 

" " t ”• < 

„ t >.- 

i ii 5 2 _ t: ^ c ' 

f,<£< 2 -rCk.^;i< 


- £ “3 ^ 

-S^^.E S-S-E 

^ £ v.^ 

^|2t:?11^ 

■< e< J I 

H S''! .E 

;i K ? '’^ 

- «: * K f 

£ 5 tp y £ ^ 

“=> c ^ “, I-? *■ e 
• — O —^ w *“ U, 


K- i '*^S« 

i-^ls-o 
^ £ " § !1 


if 

o P c »- 

^ 5 " y 

yito 2 s 


iCo-occ'i- Er ? g " y t: b 

= eil.1lll3J§?ilE 


-p-53^~*i;3 = 
-§t;= 5 £E-'sij 
26-5^:--3a:-jE.c 


.-. O < 2 ^ vj 


E ® • § 

« e ' 

O • te 

; E -5 J 

is * •£ 

‘•.i=s®’ . 

' b "*”— 

:'c ^ • . — 


Co 

2 c So - 

c i' g £ X ■ 

5. E S j= -; 
S' a c o c 
I t; E uj u 


• i c z 

3 

- eeI 

• ^ Sm 0 

- 

5^1*2 ! 

c c ^ c 

«• I ■ 

u c c ^ 

. O — .fc. 

_ « UJ - 

2'' 

Of 2 . V ^ : 

M c 

Ofi — 

l“'"5 ■ 
il 2^« 

3 c «-= s I 


^ »s;|o'g_ 
.: S:<S2^- 

E t C " . 

2 ./i^ a E « i 

2 .<'2 2,*i 

B «< E <L o 

; O <2 o ^ g t: 

6 y T 5 O 

Cfe-S: 

;2?x:c5^- 

rs-^l e£ S-^' 


^ c £ 


^ 2 E c 

a js 
^ c r S 
s“OU 
Q >;- 


« E*^ - = 
4 2 i £oc 

^ *« P -C OC * 

3 ^ O ■ 
.£ OKCP—^ 


H=5 £§< 

wl 5 f^"gs ge^' 

:;x^ ••— c -=05 

11 ^0. S| iSlS; 
juSS- 1^ 

u — ^ * 2r I O c . 

.= “ i-i 6c^ E r~ K ■= El 

c >_ r-. c cc £j.r., O’ 2 ' 

o- ^ *^—I 

— jc ^ w ^ V — 

oCrs E 3 '-=-0^^?^ 

n-sr-^J ES ^ 

stA”* — EK.;a^cO) - CC 
;<-^ -5o ~^ .o *-_c 

3'W>'S<j_ -_.Si_yci7 

i—-aS — "■ = cBo2£-*£ 

=o 8|-£ 
C$£ g-EZUZ S-JjU E « 


52 |?3 

^12 
>0 ^ .52 

j. o y-pQ 
■r-i X s *- 
* . C g 

y y -r o ^ 


.-2 y •* 

2 2 n B 
c V 64 Irf C 
E<X 
^ • rf P •* 

5 -5 t g 

-2 rT ^ t# -r* 

t ^2 5B^ 
t. Q u E B) 


E £ 2 pE dd'lli |i 

I « J «'s I 2-5' SiJ 

t “O ^ %* " W W ^ ^ ^ Wa < 

is’^' Ir 


rSHfeaSo'r^jsSIII 


2ft. f/''-D* i •■Oo'S &"5 * - 5 t5 • *- 

C6-^5o 3 . 5-;5 ^ S ii- « 2 £ E.^ ^ 

Ho c = "O « e >'"" '^02 •- • --lijS •“'o'Seo-tS 

c O *is 2 j£ ti r 1 ®» • «, - “ 5^ •—I ^ *• £Q 

g if ^ i ■ K 3 Ji ^ o--n — o := 


la 4^i|^. 

1?j Bg.|-5'i I 

6* ® 5P y 3 

s ■= -= - ^ s s 

av^a_”“w. ® 

3 so «o u ’;o 

=S =’^= 

-S-s E. 


&l5= 2 

oe?~ sS"" ? 


II H 11 ?ii: Ijcd 1^ 

u 2 ® eC .2 c-''^ X c : 

||i IiS-^|.Eto:Sell 

•-■?;E 2 Snoc £ Si3 j z-2 '*: 

— ^ c S?^ m r4 .A^v O 

Id Ir^-i -1l|^§^l^^i"'|p| 


I Er^ = i:' =-5 


“■»;«)5*'-Oc: ecs-.o ' -cJi . r'"2 

,: E e = £ r U Q-o 5 2-(jn w E 

2 2: « “C O r< •: H 


i^gai^s=-;5q 

8-kZ 


li & 

1 S ac: 4.-= c*-=f = '2 E 
^5.1|||I||«£5 

vi cd §«(§■£ “Ja-c X 
|l=i ->.== -if 2^ “ 

5 S'|^«/i:= l-S 

_ irJ-- 1'^'^ c 

, .3'« , ^ 

■e^R rE><S!2>.^ 3 


rs I = O .£ - 
g; ^ kS _ _ ^ 

— ■< - >» y 

_ C o 2 


c g2^ Sg| is 

I 

£ E fe w 2 .c c 


C 5-3 « 

® *2 5 t 

15 3rr c 


. -■ • - i3E»; ”5>» CEJic 

b C 2e>= £ 2. -52 g:oolS 

X sc ■_! S c 3 't.Oi I « j{ “ CJ CL 

-! = £§ wSfStf “fm-S-dcS 

^ a ^ .E O -r ^c? *2 « E T t» fiC -S. 2 


wW-S *'■*'**> m *■: >s.« 

^ » >^a 3 c i 

® gl'i |iga.§s5oUwSca EO 


■a: 










Biotechnology: It’s Role in Environmental 

Management 

By 

Dr. Vibha Dhawan 
(Tata Energy Research Institute) 




Mns.s Propagation of Forest Tree Species 
at TFRPs Tissue Culture Pilot Plant 


\Miat it's all al)out 

MKToprop.iLMtioii. nil c.sscniini componcnl of plant biotcchnologv. is a proven means ol 
producing millions c^l identical plants by culturing plant tissues or organs under germ-free 
conditions The adcantages of micropropagation over eoinentional methods of asesual 
reproduction are 
« greater output 

■ economs ol time and space 

■ freedom front seasonal constraints 

■ multiplication under disease-free conditions 

This technique is. therefore, ideal for the species where; 

■ traditional inclhods of propagation are inadequate to meet the demand for the planting 
material 

■ marked variability exists in the natural population and productivity can be significantly 
increased by cloning of superior individuals 

■ virus can be eliminated by culturing the shoot meristem, and pathogen-free stock so 
generated can be maintained by mass multiplication under sterile conditions. 

TCPP: TERI's password to progress 

Tissue culture has been successfully employed for the multiplication of orchids and many other 
ornamental plants. In the developed countries tissue culture is a routine method of multiplication 
while in de\'eloping countries the techniques are largely used for producing plants for markets 
in the developed part of the world and technology is adapted merely as exploitation of availability 
of cheap labour. 

For tree species, the techniques of tissue culture remained restricted for many years to the 
laborator}' stage and have generally invited only academic interest even in most developed 
countries. The main factors were recalcitrant nature of most trees - specially in the adult phase 
^^hen tree can actuallv be evaluated for the desired traits. Since biomass related problems are of 
little concern to the developed world, no attempt was made towards commercializing even the 
available tec lino logics. The Department of Biotechnology (DBT), Government of India, set up 
two pilot-scale national facilities for large-scale production of elite planting material of forest 
trees through tissue culture with the objective of bridging the gap between the laboratory and the 



Held and demonstrating feasibility of this technology for forest tree species. One of these 
facilities is at the Tata Energy Research Institute (TERI), New Delhi, and the other at the National 
Chemical Laboratory (NCL), Pune. 

TERi's Tissue Culture Pilot Plant (TCPP) is situated at TERJ's 36 hectare campus at Gual 
Pahari in Haryana, about 30 km to the south of Delhi. Of an indigenous design, this facility 
compares favourably with the most sophisticated laboratories in the world, and has an annual 
production capacity of a million plantlets. Manned by a dedicated team of highly trained young 
TERI professionals, till date all the production targets set have been successfully met. 


PRODUCTION TARGETS FOR PLANTLETS 

(Million) 

1 2 ,- 



19S:-92 1992-93 1993-94 1994-96 1996-96 1996-97 

Year 


riic biomass boom 


From lah 

Research at the IC PI' tocuscs e.xclusivcly on developing new protocols for mass cloning ot elite 
tree species, making it one of the very few lacilitics in the world that use tissue culture for 


bioma.s.s production and increasing land productivity. Some protocols being developed by other 
R & D projects supported by DBT arc also transferred to the TCPP-TERI, for the purpose of 
modi tying/adapting these for large--scale multiplication. 
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Mass cloning has been undertaken for Anogeissuspendula, Anogcissus lalcfolia. Exotic 
Acacia species, Bambusa tulda, Dcndrocalamus longispaihus, Dendrocalamus si rictus, 
Eucalyptus iereticornis, Leucaena hybrids and Populus deltoides. 

Selection of species is made on the following basis. 

■ Species that have regeneration problems, especially because of poor seed set or 
germination (as in Anogeissus and bamboos). In these cases, seeds collected from the 
superior trees are used as the initiating material. 

■ Species that vary markedly in their desirable traits (e.g. Eucalyptus and Populus) and 
candidate plus-trees or established clones have been marked from the variant population. 
These superior trees, identified by the state forest departments, are then multiplied for 
initial bulking of quality stock. 

... To land 

Evaluating the plants raised by tissue culture for their performance under field conditions is the 
most important aspect of work being conducted at the TCPP. This is being done in tandem with 
forest departments of Haryana, Uttar Pradesh (UP), Rajasthan, Madhya Pradesh (MP) and Bihar. 
The forest departments of UP and MP are receiving financial assistance from the National 
Afforestation and Eco-development Board, Ministry of Environment and Forests, Government 
of India. 

For the purpose of initial screening of the identified superior trees, only a few hundred 
plantlets of the same are raised for preliminary field trials. Only the best clones from these are 
then mass-multiplied and monitored regularly for performance. During the first year, plants are 
monitored for mortality on a monthly basis and then onwards data on growth, branching pattern, 
disease resistance, wood properties, biomass production, and clonal uniformity are collected. 
Field data indicate a survival percentage of 90—^95% in nearly all the cases and a greater height 
and girth of tissue- culture-raised plants as compared to those raised from seeds. 

Since most trees have s}Tnbiotic associations, suitable microorganisms {Rhizobiuml 
mycorrhizae) are being explored to ensure better survival in the field after transplantation and 
increase biomass yield. 

On the horizon 

The TCPP has established the scientific and'process feasibility of large scale micropropagation 
of tree species. The clonal uniformity of tissue culture produced plants has been well established. 
Preliminar}' data indicates that tissue culture plants will give more biomass compared to the open 
pollinated seed raised progeny of the selected mother trees. The TCPP is in a position to assist 
the forest departments and other end-users for developing their own facilities and would continue 
research and production work with other species where tissue culture can be used for 
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conservation of elite germplasm, crop improvement, increasing biomass production, and 
maintaining and increasing biodiversity. 

Number of plants despatched for field trials till May, 1996 


Species 

Anogeissus pendida 
Anogeissus latifolia 
Dendrocalamus striefus 
Eucalyptus tereticornis 
Populus deltaides 
Miscellaneous 


Number of plants 

3,90,022 

87,858 

55,800 

5,72,215 

5,78,218 

11,036 


Total 


16.95,149 







1. Background 


Facts and figures are being quoted with increasing frequency about the extent of environmental 
degradation in India. However, there is not much new about the growing concern for 
environmental issues - it is trend that is over a decade old now. What is new is the socio¬ 
economic segments in whom this concern is being felt increasingly. Till a few years back, 
interest in environmental issues was the domain of ‘environmentalists’. Today this realm has 
expanded to include mainstream segments such as consumers, financiers, managers, corporates. 

A couple of factors have facilitated this shift. 

• The most basic one is the rising frequency and intensity of environmental problems - 
catalysed by the r^id industrialisation and urbanisation in recent years. These have brought 
into focus not only the negative health impacts on human beings and the natural habitat, but 
also the spectre of resource scarcity, accompanying environmental degradation. 

• Following from the above, there is a growing sensitivity to environmental problems, resulting 
injudicial activism and frequent public interest litigation against Govt, and corporate bodies. 
These have the potential to not only hurt corporate reputation, but also disrupt business 
operations in a major way. 

• Globalisation is exposing an increasing number of corporates to the more stringent 
environmental standards of the West viz. green criteria applicable to export products. 
Moreover, in several joint venture collaborations, the foreign partners are particular about the 
environmental track record of their domestic partners. This brings on an implicit pressure 
to clean up as well. 

• With the growing size of Indian businesses, the number of stakeholders associated with 
companies has risen sharply. For instance, the investor/ lender base has broadened with the 
shift from proprietorships/ partnerships to publicly held companies. So have other 
stakeholder categories such as collaborators (financial and techmcal), suppliers, consumers, 
distributors. 



• Correspondingly, there is need for greater accountability and transparency in all aspects of 
business activity, specially where there is an element of risk to any of the stakeholders. 
Hence, the rise of financial ratings, standardised accounting/ reporting norms, corporate 
governance (the latest buzzword!) and now - environmental ratings. 

• A fact that has been commonly accepted - including by the Govt. - is the poor quality of 
regulatory and enforcement mechanisms (e.g. PCB compliance checks). This is attributable 
to a host of factors, the two most significant ones being corruption and poor quality 
manpower. A need has thus been created for market based mechanisms, which are self- 
sustaining and not dependent on Govt bodies for their operation. 

2. Goals 

Given the above background, the proposed exercise is directed towards developing a tool which 
will use market mechanisms to - 

• sensitise disinterested/ unqualified stakeholders to environmental risk 
considerations 

• offer a measure of environmental performance, for sensitised stakeholders 

• consequent to the above, introduce accountability and transparency in 
corporates 

• create positive incentives for improving performance beyond compliance. 

An analysis of market mechanisms used in various countries revealed that one of the most 
commonly used methods to introduce transparency/ accountability consists of performance 
assessments by third parties, accompanied by public disclosure. This typically takes the form 
of a certification/ labelling/ rating of a company’s operations, by a third party. Some examples 
of such labels/ ratings include the Blue Angel (Germany), Green Seal (USA), Proper Prokasih 
(Indonesia), ISO 14000. Each of these vary in scope and nature depending on factors such as - 



Stage of life cycle assessed 
A certification versus a scale of performance levels 
How voluntary? 


In the Indian context, based on 

• feasibility of measurement/ assessment, 

• the institutional context, and 

• stakeholder behaviour patterns, 

a concept was evolved at TERI which is briefly described below. 

3. Objective 

To develop an indicator/ index of the environmental performance of a company's business 

operations. The following would characterise this indicator:- 

* Form : A ‘rating’, calculated as the weighted average of scores on a set of pre-determined 
environmental performance parameters, set against a performance scale. A Rating Committee 
would constitute a part of the assessment process. 

* Scope: It would primarily assess production processes, with some addressal of backward and 
forward linkages. The focus would be on indicators representing impact on bio-physical 
environment - not encompassing socio-economic variables. 

* Purpose : To condense a host of complex criteria/ observations into an easy-to-use rating, 
which would enable even technically unqualified stakeholders to assess the eco-fiiendliness 
of a company 

* Strategy : The concept is market based, and would be completely volimtary in nature. In the 
long run, the rating system should facilitate a shift fi-om “external mle management” to 
“internal target management”. 

The project is currently in the model development stage; it is scheduled for implementation by 

the end of the year. 
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INTRODUCTION 

Environmental impact assessment (EIA) is the process in which environmental factors are 
integrated into project planning and decision making in a way that is consistent with ecologically 
sustainable development. Best practice EIA identifies environmental risks, lessens conflict by 
promoting commumty participation, minimize adverse environmental effects, informs decision 
makers and helps lay the base for environmental sound projects. EIA has been defined by Jain 
et al (1977) in a simple yet convincing way as "a study of probable changes in the various socio¬ 
economic and bio-physical characteristics and the environment which may result from a 
proposed or impending action”. Heer and Hagerty (1977) define EIA in more precise terms as 
an activity that aims” in establishing quantitative values for selected parameters which indicate 
the quality of environment before, during and after an action”. 

The field of EIA was pioneered in the USA by the formulation of Natural Environmental 
Policy Act (NEPA) in 1969. Subsequently, a number of developing and developed countries 
(Wathem P., 1988) have enacted similar legislation at different times, such as Canada in 1973, 
Australia in 1974, Japan in 1981, and the European communities in 1984, India in 1994 etc. to 
conduct Environmental Impact Assessment (EIA) and, thus, study the implications involved in 
legislating the environmental impact policies in their respective regions. A number of methods 
have been developed by various workers for preparing EIAs. Most of these methods suffer fi:om 
excessive dependence on subjective judgments and are weak in predicting and quantifying the 
impact of the project on the environment. The development of computer based modeling 
techmques shows promise of bridging this existing gap. 

THE EIA PROCESS 

Although Environmental Impact Assessment (EIA) procedures vary with each country's unique 
laws and local practices, the following key steps seem generic and public participation should 
be infused into each, are described. Figure shows a flow diagram of the generic EIA process. 

* Project identification and definition 

* Screening and determination of clearance level 

* Scoping 

* Baseline data collection and analysis 

* Identification of impact-mitigation measures and monitoring plans 

* Circulation and review of EIA report (perhaps in conjunction with a public hearing) 

* Publication of EIA report 

* Formal approval (with or without conditions) 

* Compliance monitoring and impact management 



EIA METHODOLOGY 

A number of methods have been developed after the inception of NEPA in 1969 that permit 
evaluation and assessment of impacts. Some of the important methods are discussed below 

Adhoc approaches 

Adhoc approaches were the oldest and perhaps the crudest approaches to EIA. These methods 
provide very little guidance for assessing impacts beyond suggesting broad area impacts like 
impact on forests, human population, water, wildlife etc. rather than identifying and measuring 
impacts on specific parameters. Another drawback of adhoc methods was that they rarely 
addressed secondary impacts. 

Checklists 

Checklists are a more formalized version of adhoc approaches as specific areas of potential 
impacts are listed. Checklists are lists of environmental attributes where the evaluator would tick 
opposite each item whether the proposed project activities will have an adverse, beneficial or no 
effect on environmental parameter. Although checklists do define more specifically the 
parameters that are to be evaluated, they are however usually very large, very subjective and 
impressionistic and provide little guidance that can aid decision making. 

Matrix method 

The matrix method is attributed to Leopold et.al (1971). This method uses a matrix format to 
relate project actions and environmental components. The column of the matrix consists of 100 
proj ect actions (can be short listed as per requirement) while the rows of the matrix consist of 88 
enviroimental components (can also be changed or short listed as per the project). If a project 
action is likely to impact an environmental component then the appropriate cell is scored for 
magmtude and importance of the impact (on an arbitrary scale). A + or - sign is also put to 
designate the harmful or beneficial nature of the impact. 

Row totals of the matrix reflect the total impact of all project actions on one 
environmental component while the column totals reflect the impact of one project action on all 
components of the environment. The matrix total gives the total environmental impact. A similar 
maMx designed by the Central Mine Planning and Development Institute Limited (CMPDIL) 
India has been used for the assessment of environmental impacts of minin g projects in India. The 
matrix scores environmental impacts on an arbitrary scale where the following scores 


are assigned: 

Appreciable impact - l 

Significant impact - 2 

Major impact . 3 

Severe impact _ 4 


One of the drawbacks of the matrix approach is that it generally does not consider the 
ass^sment of secondary impacts. Also, the Leopold matrix is a non-mathematical matrix upon 
w c tme algebraic operations (matrix multiplications etc.) cannot be performed. A number of 
mathematical matrix methods have also been developed that try to address inclusion of secondary 
impacts and allow true algebraic operations. 

Mathematical matrices 
The Peterson's Matrix 

This matrix was developed by Peterson et al. (1974) and relies on the multiplicative properties 
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of matrices. The implementation of the Peterson matrix involves the following steps: 

A matrix is constructed to evaluate the effects of environmental action on the various 
physical components of the environmental on a ordinal scale of+3 and -3. 

b) Another matrix is constructed to evaluate effects of the impacted physical components 
on human environment. 

c) Matrices and developed in steps a and b are then multiplied to give a third matrix that 
brings out the effect of actions on human environment. 

d) The production matrix is operated by a vector of relative weight of human impacts to 
result in a weighted vector of human impacts. 

e) The weighted vector is then summed up to result in a total value of project impact. 

This approach has been criticized for too much of mathematical aggregation. Also 
multiplication of matrices by hand can become very unwieldy and basic inputs to the matrix are 
still subjective. 

Component interaction matrix 

Component interaction matrix developed by Ross (1974) is yet another mathematical matrix 
system that was developed to assess major impacts. Steps involved in the use of CIM are as 
follows: 

1) Construction of a matrix with environmental components on each side and identifying 
first order dependencies. 

2) Matrix is powered to determine all higher order dependencies. 

3) A disruption matrix is constructed to score impacts of each project alternatives on all 
primary dependencies. 

Again using this method, matrix manipulation for large matrices is very cumbersome. The 
minimum link matrix indicates the length and existence of relationship but does not bring out the 
structure of these chains. The study done by Ross (1974) itself made little use of these matrices 
in the final analysis. However the CIM does address secondary impacts for which it has received 
positive reviews. 

Network Approach 

The objective of network approach is to display in a easily understood format, the intermediary 
links between projects and its ultimate impacts. Network method aims to work from a list of 
project activities and establish cause, condition and effect relationship. Since the environmental 
system is dynamic, an action impacting certain environmental parameter can initiate a series of 
impacts on a number of other environmental parameters. 

Network method primarily addresses this need by defining a set of possible networks and 
allowing the user to identify impact by selecting and tracing appropriate project actions. Once 
such trees are constructed they can also be quantified on the following line: 

If there are n branches in a impact tree and pi is the probability that impacts on branch 

I occur 

also if M(x) = magnitude of impact x on branch I 
and if I(x) = importance rating of impact x 

then the impact score for a given branch is = J^M(x) I(x) 



Environmental impact, El, for all the branches is given by 
n 

El = £pi (impact score for branch I) 

1=1 

This approach has been reviewed as probably one of the very good approaches for 
investigating higher order impacts although quantification of impacts is still essentially 
subjective in nature. 

Battlelle Environmental Evaluation System (BEES) 

This method is one of the most quantitative and organized methods in EIA. the BEES visualize 
78 measurable environmental parameters divided in four major categories of Ecology, 
environmental pollution, aesthetics and human interest. The employment of this method 
involves: 

1. transformation of parametric estimates into an environmental quality (EQ) scale that 
ranges between 0-1 where 0 denotes extremely bad quality and 1, very good quality. This is done 
using value function curves. 

2. multiplication of EQ values with their respective parameter importance umt (PIU) values 
to obtain commensurate environmental impact units (EIU) for each parameter. 

3. aggregation of EIU values for a composite score as follows : 

m m 

El = £ (Vi), wi - £ (Vi )2 wi 
1=1 1=1 


where El, environmental impact 

(Vi)i , value in environmental quality of parameter I with project 
(Vi). , value in environmental quality of parameter I without project. 

WI, relative weight of parameter I, 
m, total number of parameters. 

Total environmental impact is calculated by evaluating the expected future condition of 
the environmental quality with and without the project. 

Computer Aided A. 

A number of computer aided EA. methods have come up recently. Some of these methods have 
been designed specifically for special tasks while others are more general in nature one computer 
system for EA. that has been a trend setting system was developed by the US Army Constraction 
Engineering Research laboratory for predicting environmental impacts of army construction 
activities. This canopy system consists of three subsystems which are: 

1. Environmental Impact Computer System (EICS) identifies potential environmental 
impacts by relating army activities to environmental attributes. The system also provides 
mitigation statements specifying common methods and procedures to reduce magmtude of 
impacts. 

2. Economic Impact Forecast System (EIFS) provides quantitative estimates of regional 
economic impact of army actions based upon an extensive, diverse, interactive database. 

3. Computer Aided Environmental Legislative Data System (CELDS) stores abstracts of 
pertinent environmental legislation. The user specifies his area of interest and the computer 
itemizes all environmental laws, regulations and standards and pertain to that given area. 



Luhar and Khanna (1988) have proposed a computer aided rapid environmental impact 
assessment system using predictive models for a number of environmental parameters. The 
niethod divides the environmental into six broad environmental components (I) namely Air, 
Water, Land, Biological, Socioeconomic and Noise. Each environmental component above is 
further divided each into associated risks and control costs (ii) and each risk further divided into 
measurable environmental parameters and predictors (k). Value function curves have been 
developed to convert measured values of environmental parameters into environmental quality 
on a scale between 0 and 1 like the BEES. The overall environmental impact is aggregated using 
an aggregative index. 

A notable highlight of this method is the use of air, water and noise models for prediction 
of environmental parameters. 

Another very popular concept for aiding EA.'s that has recently emerged is that of 
Geographic Information Systems (GIS) which in the context of EA., can be thought to be 
computerized versions of the McHargs overlay technique. 

Computer based systems however are very expensive to run and maintain and are 
therefore less frequently encountered inspite of all their merits. 

Modelling Approaches 

A number of methods that aim to model the environment as a whole by modeling the components 
and their relationships, inputs to and outputs from the environmental systems have been 
developed. Notable works include Kane et al (1973) and Holling (1978). Kane et al (1973) 
developed a mathematical language called KISM. Key features of this approach include the 
ability to give the non-mathematical experts, capacity to model complex, non-linear feedback 
systems. Although the authors claim that the system is easy to learn and use and allows for 
participation of non-mathematical expert panels in model building, derivation of sensible outputs 
without expert help seem very difficult. The system uses some subjective judgement of impacts 
but Kane et al (1973) have attempted to justify the use of such scores on the grounds that 
although they are numerically imprecise, they do contain valuable information that can aid in 
understanding system interactions. 

Holling et at (1978) have formulated an adaptive environmental assessment approach that 
revolves around the construction of a systems model that is developed through a series of 
workshops of a team of interdisciplinary experts. A major problem in a modeling approach to 
decision making is the scaling of judgement. Bandopadhyay et at (1986) have constructed 
pairwise comparison matrices and then applied Fuzzy set theory to give weightage to different 
environmental attributes. These methods, however, have not been widely adopted by the 
industry. 

hdodeling the environment as a whole is a resource intensive and time consuming 
procedure which requires a significant level of expertise. For this reason Clark et al (1978) have 
suggested that environmental impact assessments are more likely to draw on existing models 
than to create new ones. 

A large number of mathematical models are now available in literature for assessment and 
simulation of a number of environmental attributes like air quality, water quality, noise and 
behavior of biological systems. Hybrid approaches to EA. using models for prediction of impacts 
and methods discussed earlier to aggregate environmental scores can provide good objective 
estimates. 



ISSUES IN IMPLEMENTATION OF EA. 

A number of problems and constraints that affect the use of EA. as a management tool ar 
follows (Smith, 1995). 

* Regulatory vs Management: EA. is to be introduced as a regulatory tool to ensure that 
proponents would include environmental safeguards in their projects. 

* Legal Framework: Most informants involved in the EA. process believe that EA. la\vs 
are adequate, but that enforcement should be stricter. 

* EA. Evaluation Is Too Long: There are no guidelines that specify how long each step in 
the EA. should take. The average time has been 10 months, and the longest lasted almost 5 years 

* Deficiencies in the Review Process: Several problems adversely affect the review 
process. There are no guidelines for review. Conflicts of interest may jeopardize the integrity of 
the process. Non-govemmental organizations are not represented on the review panels. 

* Lack of Implementation Guidelines: There are no guidelines for project-specified EIAs 
for scoping, public hearings, multiparty monitoring, the determination and administration of 
environmental guarantee hinds, and projects in environmentally critical areas, 

* Baseline Data Lacking: The absence of baseline data increases the cost of an EA., and. 
in cases where data are available, they are not in a useful form or reliable. 

* No Regular Monitoring: Monitoring environmental conditions affected by project 
operations is the responsibility of project proponents. Most proponents do not submit the 
required periodic status reports. 

Strengthen Institutional Coordination: Lack of coordination in interagency planning 
processes also means that EIAs are not properly integrated within each agency. Both types of 
^ordination should be stepped up, and EA. should be integrated with other permitting systems. 

Strengthen Public Participation: Need mechanisms to ensure that all interested parties 
are participated. In addition, NGOs need training on the technical aspects of EA. to make them 
effective partners. 

Clarify Funding: The Environmental Guarantee Fund is a well accepted innovation to 
generate funds to pay for damages caused by or rehabilitation necessitated by a project. Several 

aspects, however, are not clear - determination of the amount, form (bond, cash, or securities), 
and administration. 

* Specify Criteria: Social acceptability criteria are not clearly specified. 

Role of LGUs Unclear: The role of Local Government Units in the enforcement of EA. 
needs to be specified. 

Need for Training. There is an urgent need for massive information and education 
campaigns and training on EIAs. 

CONCLUSION 

En\monmental Management Plans and environmental assessments have used and continue to 
^ s^ective EA. methods and rely very little on objective scientific experimentation and 
prediction. These approaches are extremely dificient in the prediction part of the EA. process. 
IS mgh time that there should be an increased stress on the development and incorporation of 

techniques in environmental assessments in the country. It is felt that 
a ion o more stringent guidelines than those currently existing for EA.'s is required. 
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CliiTi^te change negotiations: an Indian perspective 


1. Introduction 

The UN Framework Convention on Climate Change (UNFCCC) was signed in June 
1992 in Rio de Janeiro and has been ratified by almost 160 countries. Developments in 
the last four years and at the second session of the Conference of the Parties (COP-2) 
indicate that the world is still divided; the scientific community is divided from the 
political world. In November 1995, the Second Assessment Report (SAR) of the Inter¬ 
governmental Panel on Climate Change(IPCC), concluded that 'the balance of evidence 
suggests a discernible human influence on global climate' and that if policies to reduce 
CO 2 emissions from current levels were not undertaken, the average global surface 
temperature would rise by 2" C between 1990 and 2100 - an average rate of warming 
greater than any seen in the last 10,000 years. 

As we move into the third session of the Conference of the Parties (COP-3) to be 
held in Japan in December 1997, some of the contentious issues need to be resolved. 

1,1 Science of Climate change 

The Second Assessment Report (SAR) of the Intergovernmental Panel on Climate change 
(IPCC) provides the scientific, technological and economic evidence on the basis of 
which the Parties to the Framework Convention on Climate Change (FCCC) can 
negotiate international commitments. The Summary of the Report prepared for Policy 
makers indicates that: 

• Greenhouse gas concentrations have continued to increase. 

• The balance of evidence suggests a discernible human influence on global climate. 

• Average global surface temperature has increased by about 0.3° C to 0.6 C over 
the last century with the recent years have been among the warmest since at least 
1860. 

• Significant ‘no regrets’ opportunities are available in most countries to reduce 
emissions of greenhouse gases at no net cost. 

and 

• The potential risk of damage from climate change is enough to justify action 
beyond such ‘no regrets’ measures. 


2. Developing country perspective 

2.1 Overview 

The developed countries have appropriated a significant amount of natural resources in 
the past, subsequently leading to global warming and climate change. The developing 
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counirics have noi coninbulcd significantly to the problem and in light of the fact that 
niost ol them arc currently in the process of industrialization would 'pTcscTit recjuire 
the use of these natural resources. Across the globe, every country would require use of 
these resources in the future. What needs to be decided now is who can use how much 
and in w'hat time frames, given the past, present and future scenarios. An analysis of this 
w^ould involve past, present and future use of the natural resourcesh 

Thus, Article 3.1 states 

. protect the climate systeyn for the benefit ofpresent and future generations....on the 

basis of equity and the common but differentiated responsibility of countries and 
respective capabilities. 

The developing countries have an acknowledged right to develop in the short-term^. A 
point that gains substantial significance is that despite the claim that countries like India 
are emerging major energy consumers, this is not entirely true. For example, in the case 
of per capita coal consumption, the OECD average is 1058 koe, which is much larger 
than the world average of 394. In comparison, India, has a very low per capita 
consumption of 132 koe^. 

Further, it must be noted that although per capita emissions of greenhouse gases 
(GHGs) in developing countries is low, their emissions per unit of GDP are quite high. 
Hence, there is scope for these countries to develop and in the process increase their 
GDP, without necessarily having an increase in their GHG emission. Further, 
developing countries do recognize that mitigation measures in their countries constitute 
the most economic short term path to GHG reduction with the joint benefit of 
providing an investment opportunity for long term GHG reductions in their countries, 
thus avoiding the projected emission scenarios. As stated in the Convention, developing 
countries would undertake those measures to address climate change within their 
respective capabilities. In addition, a point that gains significance is that the history of 
pollution control indicates that it is possible to undertake measures to mitigate pollution 
only after having reached a certain level of “affluence”. Developing countries have more 
immediate problems realted to survival which, rightly so, recieves higher priority. 

While It is true that climate change is not a priority area for the developing 
countries, some countries have during their development paths pursued 


Barathan S. 1997. Emerging trends in global climate change negotiations: a developing counir)' 
perspective. In Proceedings of the 20th Annual International Conference of the International 
Association of Energy Economics. Volume I. New Delhi. 1997. 
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FCCC. 1992. Framework Convention on Climate Change. Rio de-Janeiro. June 1992. 

"hERI. 1997. UNU-TERI Initiative on the UNFCCC. Background paper. Presented at the 
UNU-TERI Joint meeting on climate change. January. 1997. 
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energy programme started in earnest in 1982’. Today, at over 800 MW of installed wind 
capacity, the Indian wind energy programme is the third largest in the world, after the US 
and Germany. Sales of PV modules in India account for about 10 MW of the global total 
of 80 MW - indicating the dynamic growth of renewable energy technologies within the 
broad policy environment for their promotion. 

2.2 Concerns 

Having provided a brief background on the developing countries, we now move on to discuss 
some of the key concerns of the developing countries from an Indian perspective. This would 
need to be analysed under two parts - till Kyoto and beyond Kyoto 
Till Kyoto 

a. how and when to stabilize climate change 

b. new and additional commitments from developing countries 

c. economic impact of Annex I commitments on Non-Annex I countries 

Beyond Kyoto (in addition to b and c above) 

d. inadequacy of technology transfer 

e. ineffectiveness of the financing mechanisms 

2.2.1 How and when to stabilize climate change 

There are many uncertainties in the predictions of global warming particularly in relation 
to the timing, magnitude and regional patterns of climate change^. Uncertainty has been used 
as a reason for postponing action until there is sufficient information generated to justify 
aaion. However, the results of the IPCC SAR indicate that there is enough evidence to show 
that climate change is an irreversible problem. From this, stems the need for concerted action 
on the Berlin Mandate. 

Consensus continued to elude COP-2 on a number of issues, the most contentious being 
that of the conclusions of the IPCC SAR. The COP-2 concluded by bringing out the 
"Geneva Declaration," which endorses the SAR of the IPCC and calls for legally binding 
objectives and significant reductions in greenhouse gas (GHG) emissions. However, the 
Declaration did not specify that reductions should be well below the 1990 level set in the 
FCCC and failed to specify an upper-bound for the stabilisation of climate. 

The results of the review of the first national communications of Annex 1 Parties are a 
matter of concern and the credibility of all Parties was at stake. Fifteen developed countries 
accounting for 55% of the Greenhouse Gas (GHG) emissions of the group expect emissions 
levels by the year 2000 to exceed those of 1990. 

The basic question is the stabilisation level. There is a need here to highlight that we 
follow a precautionary principle. 


^Venkata Ramana P, Chandra Shekhar Singh. 1995. Renewable energy program in India 
in Venkata Ramana P and Kozloff K (ed). Renewable Energy Development in India: 
Analysis of US Policy Experience. TERI, New Delhi. 

^Houghton J T, Jenkins G J and Ephraums J J. 1990. Climate change: The IPCC Scientific 
Assessment. Cambridge University Press, Cambridge. 
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Further, most exercises undertaken to assess the actions and options do not take into 
account the cost of impacts. 

Thus, it is crucial that a legally binding instrument such as a Protocol be adopted at 
COP-3 which would support strong commitments of Annex I Parties. However, the 
Protocol should include provisions for allowing amendments to the reduction timetable 
based on scientific assessments of the IPCC to allow for flexibility. A provision for a 
schedule of reviews would need to be built into the Protocol. The key elements of the 
Protocol should include the following: 

A stabilization atmospheric concentration of 450 ppmv of CO 2 should guide the 
stabilization target. 

Confirmation of 1990 as the base year for emission controls as established in 
UNFCCC. 

Acceptance of 2005 as the first year for legally binding emission reduction targets. A 
short term target is essential if climate change policy is to be successful and to pave the 
way for greater involvement by all Parties, and “showing by doing”. 

Inclusion of 10% of 1990 levels as the first reduction target for all Annex I Parties. 
Recognition of per capita as an important basis for targets. 

Designating the Parties to develop their respective technology plans by the year 2000. 

^ Permitting emission trading between Annex I Parties with appropriate reporting, and 
monitoring carried out by a central facility. 

^ Inclusion of provisions for allowing amendments to the reduction timetable based on 
scientific assessments of the IPCC to allow flexibility (Reference???) 

2.2.2 New and additional commitments from developing countries 
Despite the fact that the Berlin Mandate specifies that the negotiations shall introduce no new 
commitments for developing countries, there have been efforts on the part of the developed 
countries to strengthen non-Annex I Party commitments within the context of the FCCC. 
Climate change is a reality and global warming has already occurred. Impacts are evident in 
some parts of the globe. 

Impacts of global warming will be felt both in the developed countries and in the 
developing countries. However, the present data does show that the developing countries are 
more vulnerable to effects of climate change, as their economies are more dependent on 
climate sensitive sectors, like agriculture and forestry, and they have less technical, 
institutional and financial capacity to adapt to the effects. As a percentage of income, the 
welfare losses in the developing countries are expected be several times less than the 
developed countries, although the quantum of these damages are subject to debate. An 
estimate is of the range of monetary damage is given in Table 1. 
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IdL/lw .. . -OD- -o / 1 

Region 

o~ uainages; 

Damage 

in % of GDP in % of real GDP‘!- 

Developed countries (OECD) 

1-2% 

1-4% 

Developing countries & countries 

2-9% 

0-7% 

with economies in transition 



World 

1.5-2% 

1-2% 


Source. IPCC 1996 


Samuel Frankhauser analyzing the global damage costs, points out that absolute terms it 
amounts about US $365 to US $485 billion (on the basis of present GDP) and in per capita 
terms annual cost of around US $500 per OECD citizen. This goes to show that the costs 
would be very significant (Pearce D W, 1995). 

The loss of l'-2% of the GDP for the OECD may be smaller as compared to the 
developing countries, however, they are very significant in terms of absolute amounts. 

With action being postponed by the North and trying to involve the South in new and 
additional commitments (due to the fact that this bloc may become a major contributor to 
GHG emissions) a possible scenario is that of developing countries being impacted due to 
dimate change including sea level rise. As a result of which they would focus on “adaptation 
measured' as opposed to “development measures" 

2.2.3 Economic impact of Annex I commitments on Non-Annex I countries 

An issue raised particularly by the oil exporting countries has been that of the economic 
impact of Annex I commitments on non-Annex I countries. Annex I countries in response 
to meeting their commitments may undertake certain policies and measures (e.g. imposing 
efficiency standards). In addition, standards for carbon may be imposed on the imports of 
energy intensive commodities. If strict restrictions (rigorous standards) are imposed, which 
restrict the import of such products from the non-Annex I countries, it would affect growth 
of such industries in the non-Annex I countries, specially if these industries are dependent on 
the export of the outputs (internationally traded). 

2.2.4 Inadequacy of technology transfer 

The technological evolution of the last few decades, as experienced by the industrialized 
world has led to the point where such economic growth warrants an environmental 
evolution. Without technological transformation which is environmentally compatible, it 
is most unlikely that economic growth can be ecologically sustained. In light of this, how 
then are the developing countries going to respond to the challenges? And what is it that 
must be done to narrow the gap that lies between them and the technologically advanced 
nations? 


^Barathan S. 1997. Emerging trends in global climate change negotiations: a developing country 
perspective. In Proceedings of the 20th Annual International Conference of the International 
Association of Energy Economics. Volume I. New Delhi. 1997. 
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As rceards the progress on technology transfer, yet aga.n the devdoped countneshave 
failed to take concrL steps. The general findings in the note prepared by the Secretarntfcr 
he Subsidiary Body for Implementation (SBl) clearly stated that, a cornprehensive picture 
of technology transfer activities is not available at the present stage . Subsequent^, specific 
proposals h^ve been tabled with respect to technology transfer. Henc^ the legally binding 
fnstmment such as a Protocol which would be adopted hopehrlly, at COP-3, should require 
all the Parties to develop their respective technology plans by the year 2000. The developing 
countries by the means of this plan, should identify the areas where they require assistance 
in terms of information, technology upgradation, introduction of new technologies, capacity 
building, financial inputs and removal of barriers to technology transfer both formal and 
informal. On the other hand, the Annex I Parties can hst areas where they have the expertise 
and capacity to provide assistance to other countries. This would help facilitate effective 

technolosy and financial transfers. _ i i j i j j i i • 

The Annex I, as well as the non-Annex I countries should also try and decide their 

baseline technologies, in order to facilitate calculation of marginal emissions abated during 
AIJ/JI beyond the pilot phase (with credits) and enussioiis trading. This would be helpful m 
ensuring additionality of reduction and avoiding free riders. 

2.2.5 Ineffectiveness of the financing mechaiiisms u i , i , 

While the FCCC clearly states that the industrialized countries would take the lead 
and also that they would take the first steps domestically and (a) provide new and 
additional financial resources to meet agreed full costs m complying with communicating 
inventories of sources and sinks and mitigation measures, agreed full incremental costs of 
implementing GHG abatement measures and cost of adaptation of developing countries 
to L adverse effects of climate change and (b) provide for transfer of relevant technology 
for developing countries to fulfill their commitments, progress on this front has been ar 
from satisfactory. Of the two financing mechanisms, I would be focus on AIJ, as has been 

requested. 


Globa/ Environment Facility 

One of the concerns of the developing countries is the role of GEF. GEF is i e y to 
move towards developing operational programmes. The GEF Operational Strategy p aces 
emphasis on solar thermal power generation, photovoltaic applications biomass power 
technologies, fuel cells and advanced fossil fuel technologies. The operational strategy also 
supports wind power and micro hydro programmes. It is worthwhile to note t at support 
for power generating technology dominates the GEF operational strategy. 

Without underestimating the significance of these technologies, it is important to 
realize that the needs which dictated their development need not correspond to a ^ ^ 
needs of the developing countries. Majority of the R6cE) efforts in the developed countries 
is dictated by the desire to displace conventional sources from energy sectors whic are 
important in their context - power generation at a significant scale and transport, in ig 
of the fact that the imperatives of developing countries encompass additional concerns an 


^FCCC. 1996. Subsidiary Body for Scientific and Technological Advice. Second Session. A 
Note by the Secretariat. Geneva: FCCC Secretariat. 
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end-uses, such an endeavor would provide insights into how national priorities could be 
complemented with global imperatives. As the GEF gains experience in dealing with 
global environmental issues, it needs to develop long-term operational strategy for 
technology development for global good. Furthermore, the GEF must help in the 
institutionalization of systems which facilitate the absorption of environmentally sound 
technologies®. 

In addition, the level of funding is very low and there is no evidence of additionality. 

It only seems to be a shift in the ODA finances. 

Activities Implemented Jointly 

India is a Party to the Convention and was keen to pursue the AIJ mechanism. It had lent 
support very early in the discussions on AIJ but had taken the backseat on reviewing the 
progress/discussions of the Annex I Parties where there have been attempts not to abate 
domestically. The AIJ mechanism opens a lot of opportunities to develop cooperative 
agreements for implementing abatement projects. However, there still exist a number of 
apprehensions and reservations among the developing countries which need to be resolved 
in order to successfully meet the objectives of the mechanism. The primary one in our 
case has been the concern that the non-Annex I Parties intended to use this as a 
mechanism to fulfill their obligations by undertaking measures outside their national 
boundaries. Further, a point that warrants mention is that the pilot phase is a non-starter. 

Other concerns include shifting of responsibility of the Annex I Parties on the non-Annex 
I countries, may not be consistent with national priorities, the nature of the crediting 
regime and a reliable, effeaive and not expensive monitoring system, and verification 
mechanism. 

While there would be a need for flexibility and a project-by-project eligibility and approval 
criteria in the pilot phase, it would be important to recognize the need for certain 
minimum requirements. These could include: 

1. no ODA (overseas development assistance) money should be used to finance AIJ 
projects; 

2. projects should be supplementary to the other efforts for the FCCC, particularly, 
existing financing mechanisms such as the GEF; 

3. project has to be cost-effective and proven to be lower than any action or measure 
that remains un-implemented in the donor countries. AIJ should not be used to 
avoid action in the donor countries; and 

The issue of the AIJ projects being supplemental and, particularly, to ODA is important; 
in no way should other projects be financed by ODA be eligible as AIJ projects. 


®Pachauri R K et al. 1996. Technology transfer: an agenda for change. Paper presented at the workshop on 
Stimulating Technological Change: The FCCC in The Context of Developing Country Initiatives held at The 
Second Session of the Conference of the Parties. 18 July 1996, Geneva. Switzerland. 
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Credits in AIJ/JI 

The AI]/J1 can be viewed as a three-stage process’: 

Stage 1: Pilot phase of AI] with no credits ever (including no credits for projects 

implemented in the pilot phase after the conclusion of the pilot phase). 

Stage 2: Operational AIJ/JI with credits accruing to investing country (primarily 

Annex II) parties. In this phase of AIJ/JI there are no commitments to 
non-Annex I countries other than those currently contained in FCCQ namely, 
those of the national communications. 

Stage 3: Re-negotiated AIJ/JI regime when non-Annex I countries have additional 

commitments other than current commitments in the FCCC. The re-negotiated 
/IJ/JI regime would have to ensure that there are no net transfer of resources 
from non-Annex 1 countries in the Stage 2 AIJ/JI as a result of the new 
commitments to non-Annex I Parties. 

3. Conclusions 

The fulfillment of the Berlin Mandate by the adoption of a legally binding stringent 
reduction target for Annex I countries, if it happens, will only be a first step. The guiding 
premise is simple and straightforward; countries that have been responsible for the problem 
should now become part of the solution. Without this commitment to take concerted steps 
and measures to reduce GHGs in order to stabilize the climate, our chances of achieving a 
future worth having and passing on to future generations are slim to non-existent. 

The success of the framework of negotiations would require striking a balance 
between the concerns of the developing countries and those of the developed world. It is 
quite crucial that developed countries take the lead in addressing the problem of global 
warming and climate change, gain credibility by returning to emissions at the 1990 level by 
2000, specify that reductions should be well below the 1990 level set in the FCCC, set an 
upper-bound for the stabilization of climate and take concrete measures to address the 
concerns of developing countries. 
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Montreal Protocol 


By 

Dr. Ajay Mathur 
(Tata Energy Research Institute) 



Ozone Depletion: India and the Montreal Protocol 


The Montreal Protocol for the Phaseout of Substances that Deplete the 
Ozone Layer represents the first international commitment to consciously 
phaseout the use of an entire class of chemical (manmade) substances for the good 
of the global environment. This commitment is especially notable because the 
phaseout has to be acliieved in a (rather short) specified time period, and involves 
substantisJ costs. 

This paper examines the evolution of this commitment, together with science and 
the politics that contributed to it; and India’s response to the Montreal Protocol, 
both in terms of the international negotiations, and the internal policies and 
procedures for its implementation. The major achievements brought about as a 
result of the Montreal Protocol process'fboth internationally, as well as within the 
country) are also discussed in the perspective of their bearing on other 
international agreements to protect the global environment. 


The Science of Ozone Depletion 

In the early seventies. Prof. Francis Rowland at the University of California, 
Irvine, noted the presence of trace amounts of the manmade chemical, 
trichlorofluoromethane (CCl,F), better known as CFG-11 (or Freon-11), in the 
composition of all air samples throughout the world. This observation presented 
to him, ‘an interesting scientific puzzle’ - what will eventually happen to these 
man-made molecules wiiich have been released into the atmosphere and had 
spread globally? 

Together with a colleague, Dr. Mario Molina, Prof. Rowland initiated the 
investigation of atmospheric processes that aififected CFCs. They calculated that 
the altitude at which the CFCs (which are very stable molecules) would finally 
decompose because of their interaction wdth the UV (ultra violet) rays from sun 
would be in the stratosphere (15-30 kms above the earth), within the ozone layer 
that •ef-effectively blocks the UV radiation incident on the earth. As a result of 
this decomposition, the chlorine in the CFCs would be released in the form of 
atomic chlorine (which is very reactive), which would, in turn, react with the ozone 
molecules (0^,) in the ozone layer. As a result, the ozone is decomposed into 
molecular oxygen (O 2 ) through the formation of an intermediate chemical species, 
CIO (see box 1 for the chemistry of CFC-ozone interaction). 

These calculations lead Molina and Rowland to predict that the steady release of 
CFC molecules into the atmosphere would eventually lead to a loss of 7 to 13% of 
global ozone, and they called for a halt to further emissions of CFCs (Molina and 
Rowland, 1974: Rowland and Molina 1975) 


India and the Montreal Protocol 
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Outline of CFC-Ozone Interaction Cheniistiy 


The ozone layer is formed because of the reaction of the ultra violet (uV) rays 
from the sun with oxygen molecules in the atmosphere: 

0^ + UV > 0 + 0 ( 1 ) 

O + O;^ + M -—> Oy + M ( 2 ) 

o, + UV 0 + 0, ( 3 ) 

(The M in reaction (2) symbolizes a third molecule, any molecule, that must be 
involved in this collision) 

The reactions (1) and (3) result in the absorption of UV rays 15-30 kms above the 
earth; consequently the O, - O^ reactions and the formation of ozone molecules 
(Oy) prevents UV rays from reaching the earths’ surface. 

CFC-11 (CClj F) and CFC-12 (CCl, F.,) are very stable compounds that do not 
normally react and breakdown into their constituent elements in the lower 
atmosphere - in current environmental terms, they are "non-biodegradable". 
Consequently, they slowly diffuse through the entire atmosphere, and rise to 
great altitudes as well. At altitudes above 15 kms, the energy of the UV-rays 
(particularly the UV-C rays) from the sun is adequate to decompose them: 

CCl, F + UV-C > Cl + CCLF (4) 

CCl, F., + UV-C -—> Cl + CCIF, ( 5 ) 

The atomic chlorine reacts with the ozone molecules and the atomic oxygen in the 
ozone layer (which is largely in a band at altitudes between 15 and 30 kms) to 
form molecular oxygen: 

Cl + —> CIO + O, ( 6 ) 

CIO + O —> Cl + O, (7) 

O + O 3 —> 20, ( 8 ) 

Since the usual reaction of O atoms involves the formation of O.., by (2), the effect 
of (8) is really equivalent to the removal of two ozone molecules. In addition, the 
atomic chlorine liberated from CFC-decomposition is available again after (7) to 
decompose another set of ozone molecules. This chain process continues in rapid 
bursts of ozone removal, and the average number of ozone molecules destroyed 
by every chlorine atom is eventually about 100,000. 



\jay Milthur, TERI, January 1994 



Prociictilbly, thoii (indinj^s load to an uproar. The link botwocni ozone depletion 
and increased UV radiation on the earths surface and its deleterious effects on 
human health, plants, and materials was well known. ConseQuentlv, the presence 
ofCFCs at altitudes of 15-30 kins was questioned, as was the proposed chemistry 
(see box 2) of ozone destruction. 


CFCs: the wonder chemicals 

It was particularly ironic that the CFCs were found to cause a global 
environmental problem. CFCs (chlorofluorocarbons) do not exist in nature, 
and were created, "to specifications". They are chemically inert, and easily 
converted between gaseous and liquid states at ordinary temperatures. There 
are three major CFCs - CFC-11, CFC-12, and CFC-113 (CCl,F CCl F,). The 
three-digit numbering nomenclature follows the rule; the first digit is the 
number-of carbon atoms minus one (in case there is one carbon atom, the first 
digit is zero and is not written); the second digit is the number of hydrogen 
atoms plus one; and the third digit is the number of fluorine atoms. 

CFCs are used as refrigerants in refrigerators and air conditioners; as 
propellants in aerosol sprays; as foaming agents for blowing foams (for 
applications in refrigerator insulation, car seats, mattresses, thermoware, etc); 
and for the cleaning of electronic assemblies. 

This versatility in the market-place brought about a steadily increasing 
demand for CFCs in all countries around the world; CFC use doubled every 
five to seven years, and approached 1 million tons in 1974 when Molina and 
Rowland published their hypothesis of CFC-based ozone layer destruction. 


m 


An experimental test of the predictions was carried out in 1975 by collecting air 
samples at different altitudes in the atmosphere through unmanned stratospheric 
balloon flights sponsored by the US National Academy of Sciences (USNAS). The 
measured concentrations were in excellent agreement with the predictions of 
Molina and Rowland (1974). 

These tests transformed Prof. Rowland’s "interesting scientific puzzle", into a 
major global environmental problem. 
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The Effects of Ozone Depletion 


The US NAS bdloon samples of CFC composition at various altitudes, in the 
atmosphere proved the Rowland-Molina hypothesis relating CFC emissions to 
ozone depletion. In the yeiirs that followed, intensive experimental axid analytical 
research was conducted to measure CFC and ozone concentrations, changes inUV- 
irradiance, and projected changes due to the continued emissions of CFCs. In the 
two following sections, the current state of knowledge regarding ozone depletion 
and impacts of increased UV-radiation are briefly summarized. 


CFC-ozone interactions 

Since the first global air-composition measurements which showed the ubiquitous 
presence of CFCs (Lovelock, 1971), measurements have been carried out regularly. 
Figure 1 shows the concentrations of CFC-11 in surface air samples at different 
latitudes in 1971, 1979, 1981 and 1990 (Rowland, 1991). 

The figure shows that CFC-11 concentration exhibits a North-South gradient. 
The minimmn concentrations are over Antarctica, and have been about 7% lower 
than the global average. At the same time, the ozone concentration in Antarctica 
has also been decreasing over the time. Figure 2 shows ozone at Halley Bay, 
Antarctica, from 1957 to 1984 - the decreasing trend from the mid-seventies is 
clearly evident. 

Based on ozone measurements carried out since 1978 by TOMS (Total Ozone 
Mapping Spectrometer) abroad the Nimbus 7 satellite, and by ground-based 
aircraft, the CFC-ozone depletion link has been conclusively proven, particularly 
by the presence of CFCs and of intermediate chemical species (such as CIO) in the 
ozone layer. The data also support Figure 1: there is much larger ozone loss in the 
Southern Hemisphere than in the north. Recently, a similar (through smaller) 
decrease in ozone levels in the Arctic has also been measured. 

The reason for preferential ozone depletion in the polar regions arises because of 
the very cold temperatures that enhance the formation of PSCs (polar 
stratospheric clouds, which are condensed forms of ice crystals). The strong 
circumpolar vortex over Antarctica results in a very high frequency of occurrence 
of PSCs in that region; much more than in the Arctic. Ozone loss is found to be 
initiated by chemical reactions on the surface of PSCs which convert the long-lived 
chlorine into chemically more reactive forms that destroy ozone. This is thought 
to be aided by the denitrifications reactions that also occur on the surface of the 
PSCs and remove the nitrogen that could have lead to the reformation of less- 
reactive chlorine compounds. 
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[giire 1: Concentration of CFC-11 in surface air samples collected at 
various latitudes. 
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igure 2: Monthly means of total Ozone measured at Halley Bay, 
Antarctica, for each October from 1957 to 1984. 
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AS a rosuiL ol ozone; doplotion, Iho UV ray inteaisity at tlu‘ aurtaco ofthoourih 
increases. Fi^^airo 3 shows the existing levels of UV radiation at dilToront 
latitudes, as well as the expected increase due to a decrease in the total ozone at 
dillercnt latitudes (Ilyas, 1989). The percentage increase is much higher at the 
higher latitudes than at the lower latitudes for equiviilent ozone depletion. 
However, with ozone depletion preferentidly occurring in the higher latitudes, the 
changes are expected to be far greater there than in the tropics since the absolute 
levels of UV radiation, even after substantial increases, in the higher latitudes will 
be less than in the tropics. No changes in the ozone or UV radiation over India 
have been noted as yet (Mani, 1991). 


Total UV dosage (J/sq cm) 
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Figxire 3: Background UV radiation and estimated increase due to 5% 
Ozone depletion. 


The impacts of enhanced UV radiation on earth* 

The decrease of ozone molecules in the stratosphere implies that less UV radiation 
is absorbed by them (reaction (3) in box 1), and consequently more of it reaches 
the earths’ surface. One particular component of the UV radiation, UV-B 
radiation is of particular importance. With ozone layer depletion, UV-B radiation 
reaching the ground increases, and its average wavelength shortens. Most effects 


This section is based on the UNEP Effects Panel Report (1989^ 
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,,fUV radiation ili'i)on(l slron^dy on tho wavolon^-th, with Iho lar^a^st impacts 
associated with tho shortcM- wavelon;;ths. At tho wavelonjrths that UV-B reaches 
tho etU'ths silliac(', it lias »i niultituclc of cfFects on humans, animals, plants, and 
materials, iho QuantitatiN e natuic of many of those impacts is not certain, and 
is the subject of research presently. 


Human health 

In humans, exposure to increased UV-B radiation can lead to suppression of the 
bodys’ immune system which leads to an increase in the occurrence or severity of 
infections diseases, and a possible decrease in the effectiveness of vaccination 
programs. 

Enhanced levels of UV-B radiation can lead to increased damage to the eyes, 
particularly cataracts which are estimated to increase by 0.6% far 1% total ozone 
depletion. Therefore, in the coming decades, each 1% ozone depletion is predicted 
to lead to a worldwide increase of 100,000 blind persons due to UV-B induced 
cataracts. 

The other major expected impact on humans is an increase in the incidence of non¬ 
melanoma skin cancer. The percentage increase will be much faster than one-to- 
one: it is expected that every 1% ozone depletion will lead to a 3% rise in the 
incidence of non-melanoma skin canc^"^ 


Plants 

About half of tho plant species investigated are found to be sensitive to UV-B 
radiation, the impact Upically leading to reduced growth and smaller leaves. In 
some cases, these plants also show changes in their chemical composition which 
affects the quality and availability of mineral nutrients. In certain economically 
important food species (e.g. soyabeans), increased UV-B radiation corresponding 
to 25% decrease in total ozone results in a 25% reduction in food yield. 


Aquatic ecosystems 

Increased UV-B irradiance has been shown to have a negative influence on aquatic 
organisms, particularly small ones such as phytoplankton, zooplankton, lar\ml 
crabs and shrimp, juvenile fish, etc. Most of these small organisms are at the base 
of the marine and global food chain, and increased UV radiation could result in 
niajor impact on fisheries productivity. 

These are indications that increased UV-B radiation also lead to a decrease in the 
oitrogen assimilation through prokaryotic micro organisms, and thereby cause 
possible nitrogen deficiency in rice fields. 
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Materials damage 


Exi)()isure to UV radiation is a si^poificant cause of degradation of many materials 
especially plastics. This degradation is found to be enhanced by hrill 
temperatures and bright sunshine. 


The Politics of the Montreal Protocol 

In response to the initial scientific concerns published in 1974 linking CFCs to 
ozone depletion, some nations quickly banned the use of CFCs as aerosol 
propellants. Tliis initial phase of regulation, however, led down a blind alley. 
Only a handful of nations imposed limits on the use of CFCs as aerosol 
propellants, with the majority adopting a "wait-and-see" attitude. Furthermore, 
the national regulations that were adopted affected only aerosols and therefore did 
little to encourage innovation regarding other uses of CFOs. In fact, CFG use 
increased in the refrigeration, foam and electronics industries throughout this 
period; because the aerosol ban was mistakenly thought to have solved the 
problem of ozone depletion, industry shelved its plans to develop CFC substitutes. 
By 1985, CFC use in the United States had reattained the previous levels reached 
in the mid-1970s. 

The independent national regulations also led to a contentious debate in the mid- 
1980s regarding a possible international approach to limiting CFCs. With some 
countries already having taken action while others had not, the early negotiations 
failed to find a common point of departure. Further actions to limit CFCs on a 
use-specific basis proved especially problematic. Who was to decide which uses of 
CFCs were essential - high quality perfume in Paris, or automobile air 
conditioners in Washington, DC? 

Several years of difficult negotiations made it clear that limits on specific uses of 
CFCs would not provide a workable basis for an international agreement. Only 
through the concept of production cutbacks, combined with the increased scientific 
consensus regarding the causes and effects of stratospheric ozone depletion, was 
progress around the negotiating table possible. Even then, the resulting 1985 
Vienna Convention on the protection of the Ozone Layer was only a framework 
agreement that by itself would do little to prevent further ozone depletion. 

By the mid-eighties, scientific studies had concluded that increasing emissions of 
CFCs would irreparably damage the ozone layer. In 1985, there was a starting 
announcement of a substantial loss of stratospheric ozone over Antarctica (Farman 
et al, 1985). This loss occurred during the Austral spring and had been noted 
every year since 1977 (Figure 2). 

Consequently in September 1987, a number of countries met in Montreal, Canada, 
to sign the Montreal Protocol on Substances that Deplete the Ozone Laver . The 
Protocol did not take effect immediately, however, because at least 11 countries 
representing at leiist two-thirds of world consumption were rcjquired to ratify. 
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Towards the end of 19S8, a sunicient number of countries had signed the Vienna 
bonvention and the Monti cal Piotocol to allow it to come into force. 


The early years of the protocol 

Unlike previous national limits on the uses of ozone-depleting chemicals, the 
Montreal Protocol de:ilt directly with the production of these chemicals. This 
agreement required nations who join to restrict their production and import of 
eight primary ozone-depleting chemicals. As it was originally formulated, the 
Protocol froze production and consumption of five CFCs at 1986 levels by 1989, 
reduced them to 80% of 1986 levels by 1993, and to 60% of those levels by 1998. 
Production and consumption of three halons was to be frozen at 1986 levels by 
1992. 

By limiting CFCs at their point of production, the Montreal Protocol ensured a 
reduction in the amount of pollutants generated. In doing so, it also avoided the 
problems of selecting individual uses to control, of establishing emission limits for 
each use, and of monitoring and enforcing across all uses. 

Several countries soon adopted measures to further reduce the use of CFCs. In 
June 1988, the Swedish Parliament passed legislation that included specific 
deadlines for the complete phase-out of CFCs in new products, with consumption 
halved by 1991 and virtually eliminated by 1995. Austria announced its plan to 
reduce its consumption of CFCs by 50% in 1991. Australia proposed a 95% 
reduction of CFC use by 1995 and a full phase-out by 1998, and Norway 
introduced a broad initiative that, with some exceptions, eliminated all 
consumption of CFCs by 1991. 

WTiile some use-specific restrictions have been implemented on a national basis 
by many of these countries, these actions have been taken within the framework 
of an international agreement that deals specifically with the production and 
consumption limits. 

Voluntary agreements with user-industries also played a significant role in several 
nation’s strategies to reduce the use of CFCs and halons. In several countries, 
including Finland, Mexico and Eg>T)t, use reductions were supported by voluntarv’ 
agreements with specific user industries. The European Community negotiated 
voluntary agreements with the refrigeration and foam sectors. In West Germany 
and the Netherlands, industry voluntarily agreed to phase-out CFCs as much as 
possible by 1995. In the United States, the food-pack aging industry has virtually 
eliminated CFC use in manufacturing foam products by shifting to alternative 
blowing agents, and the fire-protection industry has announced voluntar\^ 
reductions in halon emissions during testing procedures and other unnecessarv' 
uses of halons. 

Hecycling is another pollution prevention strategy that became a priority among 
many nations seeking to reduce CFC emissions. Austria and Norway proposed 
rociuirements to recycle or recapture and destroy all CFCs us(icl in refrigerators 


intJia and Uk* Munln:al Protocol 


9 



and air conditioners when sorviciul or discarded. Local ^rovernnienls in Wo^i 
Australia and some Canadiim provinces controlled emissions through recyclinj^in 
their juiisdiction. Several states in the US passed laws governing recycling 
recapture of CFCs, and the EPA has developed a national recycling programme. 

An excise tax passed by the U.S. Congress on the sale of ozone-depleting chemicals 
in 1989 also aided CFC recycling in the US by increasing the costs of virgin 
controlled substances. As CFCs become more scarce, the incentive for both 
producers and users to recycle has increased. Because of the higher cost of \irgin 
CFCs, both due to scarcity and because of the excise tax, the payback period for 
capital invested in recycling equipment was reduced. Furthermore, the excise tax 
exempted the resale of chemicals that are recycled. Recycling the controlled 
substances, instead of buying virgin chemicals, lowered the costs of doing business 
for users. 

The tax on ozone-depleting substances also created a market for substitute 
chemicals. Because substitutes cost more than CFCs, no market for these 
alternatives could exist v^ithout higher CFC costs. The tax, in addition to the 
limited supply of CFCs, ’increased the cost to users and thus sent the needed 
signal to the marketplace to shift to alternatives. 


The developing countries and the montreal protocol 

During the discussions leading to the formulation of the Montreal Protocol, several 
developing countries made the point that the use of CFCs and halons was 
ultimately connected with development. Their use in many modern services iind 
amenities, such as aerosol sprays, foam insulation and cushioning, cleaning of 
computer chips, and especially in refrigeration and air-conditioning, makes then 
an essential component of the industrialization occurring in the developing 
countries. In many of these countries, large investments had been made in 
projects based on CFC utilization, and the developing countries could ill afford the 
early retirement of these facilities in order to adhere to the processes of the 
Protocol. 

Consequently, the Protocol created a special exemption for the developing 
countries. It provided a 10-year lag in Protocol implementation for countries 
whose per capita consumption is less than 0.3 kg per year. These countries, called 
Article 5 countries (after the article that specifies this exemption), were also 
promised all practicable help in ensuring access to technology for substitutes. 

At this point, the major developing countries that were not party to the Protocol 
were India and China. Both these countries largely ignored the Montreal Protocol 
formulation process as they were relatively minor users of CFCs (in the late 
eighties, they together accounted for about 5% of world consumption; Shea, 1989). 

However, both countries soon had to take note of the Protocol. There wore two 
reasons for this. The first was that the Protocol imposed strong restrictions on the 
import and export of CFC.s and of products using CFCs. The trade of these 
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coiiipound'S with non-l w.\s b.innod within ii yoarof tho Protocol’.s c'ntry into 

forco. 1 h(^ Piotoiol tilso containc^d a provision for the consideration of bannin;^ 
(I’lulo of L/bb'"iont.lining pioducts with non-Party countries. This occurred at a 
time when the exports of both CFCs and of refngerators from India were just 
picking up. The Protocol seemed to be a closing gate to the India CFC and 
refrigerator exporters. 


The second reason was that both India and Cliina became the focus of attention 
for the international community. The large size of these countries, their self- 
sufficiency in CFC-production, and their rapid growth rates indicated a potential 
for the skyrocketing of global CFC use. It was felt that, "if India and China 
achieve their modernization and electrification goals for the next decade, all CFC 
abatement efforts by the industrialized countries would be nullified" (Rosencranz 
and Milligan, 1990). 


In the perspective of the international pressure, and the growing scientific 
evidence of the increases in ozone destruction, the Government of India took 
cognizance of the issue in 1988. A’t a meeting in the Ministry of Environment in 
that year (at which this author was present), the scientific ministries urged Indian 
ratification of the Protocol. The Ministry of Industry (which had just prepared its 
assessment; Government of India, 1988) pointed out that CFC/halon substitutes 
would be four to five times as expensive as the ozone-depleting substances that 
they would replace. The argument was ultimately tilted in favour of the costs- 
proponents through the issue of domestic refrigerators. The refrigerator, which 
was shedding its image as a luxury good, was now penetrating new markets 
amongst the lower middle-class and the rural population. The second-hand 
market was also thriving, and personal anecdotes of 20-year life of refrigerators 
(with one or two recharges) abounded. The Government decided that it could not 
pendizo refrigerator owners (for many of whom this purchase was the largest 
single investment ever made by them) by denying the CFC-recharge and thus 
forcing them to buy a new (non-CFC) refrigerator. 

Later that year, at the UNEP Ministerial Meeting on the Montreal Protocol in 
Helsinki, the Minister for Environment stated, "The developing countries muster 
the resources necessary to meet the minimum needs of their citizens at great 
sacrifice. These countries will be unable to spare further resources for the 
substitutes to CFCs. The poor of the developing countries will look askance at a 
government that spends resources on substitutes to CFCs to prevent depletion of 

the ozone layer.while they continue to wallow in poverty, hunger, disease and 

ignorance. 

The Government as an observer to the Bureau of Parties to the Montreal Protocol, 
initiated an amendment to the Protocol that would proxfide for international 
funding to meet the costs of implementing the Protocol in the Article 5 countries. 
The Government also agreed to a British offer of carrying out a study to assess the 
costs of Protocol implementation in India. By 1990, Mrs. Maneka Gandhi, who 
had become Environment Minister, urged halting of domestic production of CFCs, 
and demanded that substitute technolog>^ be made available at no, or low cost. 
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She also insistod that foivif^n coiniianics provide free CFC-allernative paUuu 
rights to the developing countries that need them. 

The first reaction of the industrialized countries was to view the demand for 
international funding as blackmail (see, for example, Moritz, 1989). The 
developing countries, led by India and China, took the high moral ground and 
invoked the, "polluter pays principle"; pointing out that since the vast majority of 
CFG emissions had occuiTed from the industrialized countries, the costs incurred 
by the developing countries in phasing out their use should be borne by the 
former. Tliis point of view was quickly accepted in principle by most 
industrialized countries, but commitment to provide the funds for meeting the 
costs related to the Pi'otocol implementation were less forthcoming. 

In 1990, new scientific assessments relating CFC emissions to projected ozone 
depletion were published. These indicated that severe depletion of the ozone layer 
could be expected even if the CFC consumption limitsJaid down in Protocol were 
observed (see, for example, Bruhi and Crutzen, 1990). These studies reinforced 
the need for adjustments for the CFC consumption limitations so as to minimize 
ozone depletion. It also highlighted the need to ensure that major developing 
countries like India and China joined the Protocol. 

In the perspective of the scientific findings, and the strong stand taken by India 
and China, the Parties to the Protocol agreed to amendments that would allow the 
developing countries to be compensated for costs associated with Protocol 
implementation. ad-hoc financial mechanism called the Interim Multilateral 
Fund, was established at the June, 1990 meeting in London with a core funding 
of US$ 160 million to go up to US$ 240 million and US$ 320 million as China and 
India joined the Protocol. The Fund was to bo financed by payments from the 
industrialized countries; each country's contribution calculated in accordance with 
its UN assessments. 

At the London meeting, the CFC phaseout limits were also considerably tightened 
in response to the findings of the scientific assessments. The industrialized 
countries were required to completely phaseout most ozone depleting substances 
by the year 2000. In addition, Carbontetrachloride and methyl chloride were 
added to the list of the controlled substances. 

After the June 1990 meeting there was again considerable international pressure 
on India and China to immediately join the Vienna Convention and the Montreal 
Protocol. In 1991, China signed the Protocol. India steadfastly refused to sign 
until the London amendments came into force after ratification by an adequate 
number of Parties. Soon after this occurred, India signed the Vienna Convention 
in March 1992, and thefi the Montreal Protocol in June 1992. Following a 
statutory three-month waiting period, India become a Party to the Montreal 
Protocol in September 1992. In the 4th meeting of the Parties held in Copenhagen 
in November 1992, the Indian Minister for Environment and Forests, Mr. Kamal 
Nath was elected President of the Bureau of the Parties to the Montreal Protocol. 
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Implementing the Montreal Protocol in India 

The iid'Hoc finjncidl niochdnisnis of tho Protocol wns griintcd st;\tutory npprovjil 
at the Copenhagen meeting in November 1992, and Multilateral Fund of the 
Protocol cmne into existence from 1st January 1993. The Fund is managed by 14 
member Executive Committee established by the Parties, which has a balanced 
representation of Parties which belong to the industrialized countries and those 
belonging to Article 5 countries. The Executive Committee meets thrice a year to 
consider and approve requests for funding submitted to it. The committee is 
assisted by the Fund Secretariat based in Montreal. Projects and actmties are 
undertaken through four international organizations which are designated as 
Implementing Agencies. These are UNDP (United Nations Development 
Programme, the World Bank, UNEP (United Nations Environment Programme), 
and UNIDO (United Nations Industrial Development Organization). These 
implementing agencies develop projects in collaboration with the countries, present 
them for approval to the Fund, and then supervise the project implementation. 

The contribution to the Multilateral Fund have been fixed at $ 113 million for 
1993. The level of funding for the 3-year period from 1994 to 1996 will be in the 
range of $ 340 to 500 million; the exact quantum is to be decided at the next 
meeting of the Parties in November this year. 

In order to assess their funding requirements, in the perspective of their national 
strategy for the implementation of the Montreal Protocol, all Article 5 countries 
are required to prepare Country Programmes. These Country Programmes look 
at the current structure of the ODS user and producer sectors, their anticipated 
growth rates, define the phaseout strategy’ in the various users sectors, assess <ind 
evaluate technical options for phaseout, and assess the cost of phaseout. 

After India became a Party to the Montreal Protocol, the process of Country 
Programme preparation and identification of projects for funding commenced. The 
Ministry of Environment and Forests chose UNDP as the Implementing Agency 
for Country Programme preparation. Broadly, it was agreed that World Bank 
would the Implementing Agency for large investment projects, the UNDP for 
smaller investment projects, UNIDO for projects in the small scale sector and 
UNEP for projects related information dissemination and awareness. An Ozone 
Ceil was created within the Ministry of Environment and Forests to be the nodal 
agency for Montreal Protocol implementation. 

In March this year, the Ministry of Environment and Forests and UNDP identified 
the Tata Energy Research Institute to be the lead agency for the preparation of 
the Country Programme. Throughout the process of Country Programme 
formulation, there has been a continued emphasis on close govemment-industiy 
interaction. There has been a conscious effort to involve industry as an equal 
partner in formulating the programme so that they have a stake in the 
implementation of the programme as well. The first government-industry meeting 
was held in New Delhi in January this year. Following this, there were several 
workshops related to project preparation for examining the technical options ^ind 
strat(}gies for phaseout in various users sectors (i.e. R(3frigeration and Air 
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Conditioniti^, Foaitus, Aerosola, Salvcjnls aiul Fire Sectoral j^roups, 

consisting of industry roprosontativos wore formed in June 1993 to draft seclonii 
rocommomlations for the Country Proj^'ainme. They were assisted by 
international experts pro\'idcd by UNDP. These drafts were prepared and 
presented at a national workshop on the Country Programme in July this year. 
These were then assessed and integrated in the perspective of the niV 
phaseout strategy. 


ational 


Figures 4 shows the expected growth of ODS use in various sectors till 2010. The 
Montreal Protocol requires phaseout of various groups of ODS according to 
specified time tables. The limits imposed by the Montreal Protocol and the 
phaseout profiles for the four groups of ODS used in India are shown in Figures 
5 to 8. In arrmng at these phaseout profiles, various technical options were 
examined. In the Aerosols sector, the strategy is to move from CFG to LPG. In 
the Refrigeration sector, the preferred strategy is presently seems to be move to 
a completely fluorinated fluorocarbon (or, Halogenated Fluorocarbon) HFC-134a. 
In the Foams sector, the strategies are not very clear as yet; there is some move 
towards hydrocarbons, and new HFCs may be preferred in certain options. In the 
Solvents sector, the move is largely towards water based systems. In certain 
pharmaceutical solvents applications, the use of CFCs will continue, and is 
allowed under the provisions of the Protocol. In the Fire Fighting sector, Halons 
will have to be completely phased out. There are plans to build up a bank of 
Halons so as to provide a buffer stock till substitutes become available. In this 
sector, the Protocol allows retaining some halon use for essential purposes. 


A major finding that emerged during the process of Country Programme 
preparation was about two-thirds of CFG used in India occurred in the small scale 
and informal sectors. During the process, large units using CFCs, as well <is 
larger small scale industries were identified, and included in the programme. 
However, based on data on supply patterns provided by the CFG producers, it was 
apparent that large quantities of CFC use had not been included. These were 
assumed to occur in small scale and informal sectors. We currently estimate that 
the unidentified small and tiny units accounts for 26% of ODS consumption in the 
refrigeration and air conditioning sector; 45% in the Aerosols sector; 40% in the 
Solvents sector; and 6.7% in the Fire Fighting sector. The unit cost of phaseout 
in the small and tiny units have, at present been estimated to be 250% of that in 
the larger (identified) units. 


There was also concern about the CFC based refrigerators that would still be in 
service after 2010, and may need a CFC recharge. It was decided that the 
Country Programme would approach this problem through three options. It would 
provide an incentive for trading in these refrigerators; it would establish a CFC 
recycling programme; and it would help in retrofitting CFC refrigerators so that 
they could be charged with non-CFC refrigerants. 
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Figure 4: Estimated unconstrained ODP demand by sector to the year 
2010. 
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Fi^re 6: Phaseout of Annex A Group II ODS (Halon-1211 and Halon- 
1301) in India. 
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Figure 7: Phaseout of Annex B Group II ODS (CTC) in India- 
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Tiu; onv otlu'r major problom (acocl by India is the issue of the availability of CFG 
India is one ol the five Article 5 countries that has indigenous 
production ol GbGs. In fact, ovei the last 5 years, India has been exporting CFCs 
to vanoLis developing countries. The CFG manufacturers have also installed large 
plants in view of their rapidly increasing consumption. The Gountry Programme 
seeks to compensate the GFC producers for their lost capacity, as well as to help 
them to establish new facilities for the production of CFG substances in the 
country. 

The integrated Gountry Programme was presented at the second national 
workshop in August. It was subsequently approved by an inter-ministerial group, 
and then by the Union Cabinet on September 5, 1993. The net incremental costs 
of phaseout are presented in Table 1. 


Conclusions 

The national and international processes that have occurred as a result of the 
finding that CFG emissions harm the ozone layer bring out five salient features. 
These are briefly discussed here. 

The role of science in international agreements 

The Rowland-hlolina h 3 qDothesis and its subsequent confirmation sparked off 
various national initiatives to reduce CFG emissions. Subsequently, scientific 
evidence indicating increasing ozone depletion over a period of time served to 
highlight the urgency of the process. Undoubtedly, the threat of increased skin 
cancer due to enhanced UV radiation served to influence the decisions of many 
individuals to support the ban on CFCs. The political pressure of such indiriduais 
has been large enough in a large number of countries so as to enable the 
formulation of the Montreal Protocol. 

The Protocol has also explicitly recognized the inputs provided by scientific 
observations, and the need to adjust international actions (for CFG limitation) so 
as to take new scientific data into account. As a result, adjustments are possible, 
and have been used to accelerate the CFG phaseout process in response to new 
scientific evidence. As a result of the last such assessment, the phaseout schedule 
the industrialized countries has been advanced from the year 2000 (as agreed 
at London meetingj to the year 1996. However, at Copenhagen, the phaseout limit 
'or the developing countries was not concurrently forwarded to 2006 (in the 
perspective of the ten year lag), but provisionally maintained at 2010. A decision 
•vhether the developing country phaseout limit should be brought forward to 2006 
^ould be taken after the next assessment becomes available in 1995. 

The Country Programme will now be transmitted to the Multilateral Fund for 
-onsideration at the next meeting of the Executive Committee to be held in 
November this year. 
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Table 1: Net incremental cost of ODS phaseout 


Sector 

Incremental 
costs ($ 
million) 

ODP 

phaseout 

tonnes 

Unit 
phaseout 
(US $/kg) 

Aerosols 

13 

14366 

0.90 

Foams 

150 

14866 

10.08 

Fire Fighting 

36 

15208 

2.37 

Domestic refrigeration 

295 

5000 

59.00 

Other refrigeration and AC 

120 

11884 

10.10 

Solvents 

104 

69944 

1.49 

Trade-in of refrigerators and 
other appliances 

^ 325 

200 

1625 

Recovery and recycling 

50 

2500 

20 

Chemical producers 

466 

- 

- 

Small scale and informal 
sector 




Other R&AC 

105 

4176 

25.25 

Fo:mis (non- 
refrigerator) 

84 

1669 

50.43 

Aerosols (fillers only) 

21 

11754 

1.75 

Solvents 

174 

46629 

3.73 

Fire-fighting 

6 

1092 

5.93 

Sub total 

390 

65320 

5.97 

Administrative cost 

15 

- 

- 

Total 

1964 

199308 

9.85 


Note: 1. The above net incremental costs have been arrived at by computing 
the eligible costs on an annual basis upto the year 2010, at the 1993 
value of US $. 
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The polluter-pays principle 

The special consideration for developing countries that is built into the Protocol 
highlights the differentiated responsibility of the industrialized and developing 
countries in contributing to the ozone depletion problem. Though the Protocol 
states that the provision for the transfer of financial resources should not be 
considered as an international precedent, the weight of international public and 
moral opinion clearly recognizes this differentiated responsibility. It has now also 
been built into the Climate Change Convention. 

It has also resulted in the concept of incremental costs in developing countries due 
to changes required because of international obligations. The evaluation of 
incremental costs, and the modalities for meeting these incremental costs are 
being presently established. The Multilateral Fund currently operates with a few, 
generic rules, and decides on issues on a case-by-case basis. During this process, 
the eligibility of various costs for being considered as incremental costs is tested, 
and international precedents established. 


Government-industry interactions 

For the first time in India, government and industry have worked to produce a 
common national document. For this reason, many have preferred to call a 
Countrv Programme as a national programme. It highlights the great poten la 
for acliieving clear goals in a timely manner when both the government and 
industry agree to undertake specific responsibilities. A major feature ot the 
process is that it also engendered a close working relationship betw een companies 
that are fierce competitors in the market. The interactions revealed that industry’ 
is willing to make adjustments so as to realize national enrironmenta bOt s 


Technology transfer 

The Multilateral Fund process has spawned a new fom of technology tran^en 
Indiridual companies in the industrialized and in the de\ eloping nf 

to technology transfer under the provisions of the Protoco . n e 
national and international project approval, the technology trans er ® . 
is vetted for technological suitability as well ^ at 

Consequently, it promotes the transfer of state-of-the-art ^ 

internationally competitive prices. This is quite at vanance ^^h what was 

expected when the process started. It was felt at ^ T^transfers. 
industrialized countries would charge large royalties for ec no ogy 

This process has also forced a much closer interaction between 

across the world, and given rise to innovative forms of technology development. 
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For oxaini)lo a l^S invcMitor is usiii^^^ an Indian company to dovelop tho en^neerhvr 
plans and prolotypos for a now (non-CFC) car air-conclitionor for the US market. 
Similarly, several European aerosol manufacturers are considering buildingfillin^r 
plants in India. Leading-edge tcchnolog>' companies in m-eas such as refiigerator 
compressors are developing joint venture relationships with Indian companies. 


Changing life styles 

The Montreal Protocol process has demonstrated that people worldwide are willing 
to change lifestyles and incur personal costs so as to enhance emaronmental 
quality. This preference is also exhibited at the national level where the 
industrialized countries are vrilling to spend public money on amelioration of * 
international emnronmental problems. For example the United States, which has 
been a chronic defaulter in paying its dues to UN organizations, is the only 
country to have met and exceeded its assessed dues to the Multilateral Fund. 

The Protocol process has, above all, demonstrated the capability to, and the 
willingness of, countries to seriously negotiate potentially major economic 
transformations so as to achieve global en\'iromnental quality. It has, therefore, 
redefined the existing vested interests in international power-diplomacy, and 
opened the way" for a new set of international bargaining aimed at emdronmental 
protection and sustainable development. 
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Abstract 

Four metropolises in India - Delhi, Calcutta, Bombay and Bangalore - are selected for a comparative 
analysis to illustrate the effect on automotive emissions of two much discussed strategies for mitigating 
adverse impacts of road based passenger transportation system. The strategies considered here are: (1) 
reducing urban congestion by strengthening public transport system and (2) promoting efficient engines 
by phasing out two-stroke technologies. The paper analyses the nature and magnitude of the energy use 
and emissions in each of the four cities under the business-as-usual (BAU) scenario 1 and the two 
strategies mentioned above. Driving forces considered for analysing energy demand are:- growth in 
registration of different vehicles, average utilization, occupancy and fuel consumption pattern of different 
modes and penetration of different technologies. The resultant mass emissions of five criteria pollutants 
viz., CO, HC, NOj^, SPM and SO 2 are estimated by multiplying energy consumption by different modes 
-- further broken down into technologies — and their corresponding emission factors. Results of scenario 
2 and 3 are compared separately with the BAU scenario, to determine the likelihood addition/reduction 
in energy demand and emissions by alternative modes in 2000-01. The paper reveals that in scenario 2, 
with a 20% shift towards public bus from the usage of personalized modes (like, two-wheelers and cars) 
in 2000-01, while meeting the same level of total passenger travel as estimated in BAU case, total energy 
demand is expected to decline to about 15% each in Delhi and Calcutta, 17% in Bangalore and 22% in 
Bombay. Also, introduction of more buses would reduce congestion on city roads considerably. About 
17% of the total vehicles in Bangalore, 41% in Bombay, 39% in Calcutta and 22% in Delhi is likely 
io be off the road during 2000-01 as compared to the BAU scenario results. Similarly, the reduction in 
emissions is very significant in the case of CO (as high as 54% in Bombay and as low as 35% in Delhi), 
[IC (73% in Bombay to 45% in Delhi), SPM (7.5% in Calcutta to 18.2% in Bombay). But emissions 
NO, and SO 2 (except in Bombay) is likely to increase marginally in scenario 2. In fact, strengthening 
3f public transportation in each city is expected to either stabilize or even reduce emissions of CO, HC 
ind SPM with respect to their present loading levels. In scenario 3, with 45% phasing out of two-stroke 
engines (i.e., scooters & motorcycles) and replaced by four-strokes in 2000-01, would also reduce 
-nergy demand and emissions, but marginally, when compared with the BAU scenario results. In other 
words, the extent of reduction in energy demand and emissions is comparatively insignificant in scenario 
1 as against scenario 2 when they are compared separately with the BAU case. Given the growing large 
polluting fleet, the technological fix alone is not sufficient to combat energy demand and air pollution 
)roblems in Indian cities. Demand management measures are necessary to complement supply side 
nterventions in controlling the main pollutants from motor vehicles. 
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Introduction 

In India, with the technology import liberalization policy of the government, and the establishment of 
several international collaborations, the automobile policy in 1985 allowed the manufacturers to produce 
any type of vehicle, from passenger cars to heavy commercial vehicles. There was no constraint oti 
engine size or any attempt at obtaining an appropriate mix of vehicles from the view point of fuel 
efficiency, pollution, axle load, chassis configuration and with a view to minimize transportation costs 

The rapid increase in two-wheeler and private-car population is making unrestricted claims on 
valuable road space and energy resources, particularly in urban areas. While on the one hand, the vehicle 
mix in urban areas has aggravated congestion and air pollution, on the other, specifically production of 
buses and their design for urban mass transportation has not received adequate attention in the national 
automobile policy. Air pollution problems are mainly contributed by automobiles^ and are confined to 
the large size cities. Over two-third of the total registered fleet in large size cities comprise of two- 
wheelers of which over 90% run on two-stroke engines, while the remaining are four-stroke.^ The 
advantages of 4-stroke engines in terms of energy consumption and emissions are enormous. Conversion 
of two-stroke to four-stroke can reduce HC emissions considerably and attain higher fuel economy. 

While several studies^*'*’^’* are available on implications of road based urban transportation on 
energy demand and emissions in India, but each one of them present a broad understanding of the 
problem. In most of the studies the range of estimates differ considerably due to the lack of coherent 
methodologies used. Moreover, given the large number of alternative modes and available technological 
options, it is of utmost importance to first understand the nature and magnitude of the problem at the 
most disaggregated level i.e. by technology for each mode, before a corrective measure is implemented. 

The paper analyzes the extent to which the two most discussed policies: (1) gradual penetration of 
new and clean technologies of two-wheelers, and (2) strengthening of public transport system (to reduce 
urban traffic congestion) are expected to offset the growing demand of energy and emissions by 2(X)0-01 
in the four cities — Delhi, Calcutta, Bombay and Bangalore. Energy demand estimates and resultant 
emissions of five criteria pollutants viz., CO, HC, NO*, SPM and SO 2 are estimated for different modes 
and their respective technologies. Results are obtained under three scenarios. Scenario i — the "business- 
as-usual" (BAU) -- assumes that different type of vehicles in each city will continue to grow as per their 
present trends without any policy interventions in during the five year period (1995 - 2000). Scenario 
2 assumes strengthening of public transport system to reduce urban congestion, while scenario 3 assumes 
phasing out of two-stroke technologies and replaced with four-strokes, to promote clean and efficient 
engines. Results of scenario 2 and 3 are compared separately with the BAU case to estimate the likeli¬ 
hood reduction/addition in energy demand and emissions. 


Framework for analysis 

The following equations are used for estimating growth of vehicles, travel demand, energy requirement 
and emissions for the base year 1995-96 and the reference year 2000-01 in each of the four cities. 

Number of vehicles which were registered after 1973-74 are regressed with time in each of the four 
cities to extrapolate their growth. The functional form of the linear regression is given in Eq.(l)- 
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= a + b tk k 1,2,.,6 (1) 

where, denotes the number of registered vehicles (after 1973-74) of type (or mode) k in time period 
t [t= (n-l-1) - 1984-85, with n = reference year]. The coefficients in Eq.(l) is obtained by the ordinary 
least square method. Index k in Eq.(l) denotes mode of transport. Data on registration of vehicles are 
available for six modes. These include two-wheeler (scooter, motor-bike and moped), three-wheeler 
autorickshaw, car and jeep, taxi, bus and the goods vehicle. The distribution of five passenger modes 
are further disaggregated into types of technologies using the national production distribution data. For 
instance, among two-wheelers four type of technologies are considered viz., scooters, motor-bikes, 
mopeds which runs on two-stroke engines and the four-stroke motor-bikes. Similarly, for car, jeep and 
taxis together, four types of technology are considered. These are gasoline based pre-1984 and post-1984 
models, the post-1994 model with catalytic convertors, and diesel vehicles. However, only one 
technology is considered for three-wheeler and bus. 

Travel demand catered by different modes and technology in year t is given by Eq.(2).‘^ 

PKM, = V, x Ui x O, i = 1,2,..10 (2) 

where, PKM denotes passenger travel demand expressed in passenger kilometre (pkm), V denotes the 
number of motorized vehicles obtained in Eq.(l), U denotes average vehicle utilization and O denotes 
the average occupancy of vehicle. The index i denotes the mode of transport and their respective 
technologies. Total passenger travel demand is the aggregation of travel demand across different modes. 
Energy demand by various modes and technologies in year t is estimated by using Eq.(3). 

FD, = PKMj, X Ei i = 1,2,.,10 (3) 

where, FD denotes annual fuel demand depending upon the mode and technology considered, which is 
expressed in litres (1). E denotes the operating energy intensity* of each mode and technology, expressed 
in litres per pkm (l/pkm).» Total energy demand is obtained by converting fuel demand by each mode 
into a common energy unit say, kgoe^* and then aggregated together. 

Annual emissions of five criteria pollutants CO, HC, NO,, SPM and SO 2 by different modes and 
technologies of transport are estimated by using Eq.(3). 

Pij. = FD., X EFy, i = 1,2,.,10 and j =1,2,.,5 (4) 

where, P denotes emissions expressed in tormes and EF denotes emission factors expressed in grams per 
litre of fuel burnt (g/1). Index j denotes the type of pollutant considered. Total annual emissions of a 
pollutant can be obtained by aggregating the emission values across different modes and technology. 


• The operating energy intensity represents the fuel efficiency of different modes of vehicles. It measures the 
amount of energy needed to move 1 person over 1 km by a given mode. 

** 1 kl of gasoline = 0.7499 kilogram of oil equivalent (kgoe) and 1 kl of diesel = 0.8552 kgoe. 
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Scenario construction and assumptions 

Three scenarios are considered to study the impact of different urban transport policy initiatives that 
would reduce total energy requirement and emissions in the road based passenger transportation in the 
four cities - Delhi, Calcutta, Bombay and Bangalore. These scenarios are defined below: 

Scenario 1: Business-as-usual 

This scenario assumes that the present trends of growth in registration of vehicles in each of the four 
cities will continue, while the present fuel efficiency norms, occupancy level and vehicle utilization 
pattern for different modes will remain unchanged until 2000-01. 

Scenario 2: Increasing the share of buses 

It is assumed that, with incentives for greater investment in and use of bus, in each city a 20% shift in 
the estimated total passenger, travel demand in 2000-01 will be towards use of bus with a corresponding 
decline in usage of personal'vehicles like two wheelers (viz., scooters, motor-cycles and mopeds) and 
passenger cars and jeeps. With greater use of buses in scenario 2, congestion of traffic will decline and 
the overall efficiency of passenger movement will increase. More specifically, (1) total passenger travel 
demand in each city during 2000-01 would remain at the same level as obtained in the BAU scenario, 
(2) modal split -- distribution of travel demand catered by different modes — for bus during 2000-01 in 
each city would increase by 20%. With this, the modal split for bus in Delhi would increase from about 
61 % in BAU to 73% in scenario 2. The corresponding increase in Calcutta would be from 67 % to 80%, 
while in Bombay and Bangalore from 71% to 85%, and (3) contribution of travel demand by two- 
wheelers, three-wheelers and cars, jeeps and taxis together would decline in Delhi by 25%:45%;30%, 
Calcutta 25%;40%:35%, Bombay 25%:42%:33% and Bangalore 49%:25%;25% respectively. 

Scenario 3: Phasing out of two-stroke engines 

This scenario assumes that by 2000-01, in each city 45% of the total two-wheeler fleet (only scooters) 
which otherwise would have mn on two-stroke engines will be phased out, and would be replaced with 
four-stroke engines. In other words, scenario 3 envisages introduction of clean technologies in a phased 
manner to attain higher efficiency of energy utilization and consequent reduction in emissions for certain 
pollutants. 


Results and analysis under BAU scenario 

Growth of motor vehicles 

Table 1 gives the growth in total number of registered vehicles, their composition and annual growth 
rates for each of the four cities. Eq.(l) is used to estimate the growth of vehicles in each city. Delhi has 
the largest number of registered motorized vehicle in the country (2.34 million in 1995-96) which is 
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more than the total number of vehicles in Calcutta, Bombay and Bangalore taken together (2.02iniliio 
The average annual growth rate of each mode has declined considerably after 1990-91 as coinpaTe 5 }t 
the period between 1985 and 1990. Currently, Delhi and Bangalore is experiencing a higher ai\n/i 
growth rate (around 8%) of all vehicles together as compared to Calcutta and Bombay where th 
corresponding figure is nearly 7%. In terms of vehicular composition in 1995-96, share of bus with 
respect to the total registration of fleet is between 1 and 2% in the four cities, while the correspondin 
share of personal modes (two-wheelers, car and jeep) is between 80 and 90%. Delhi and Bangaloreh^ 
relatively a higher share of two-wheelers (71% and 80% respectively) as compared to cars and jeeps 
(19% and 12% respectively), while in Bombay and Bangalore the corresponding share is 48% and45% 
respectively for two-wheelers, and 34% and 39% respectively for cars and jeeps. Share of three-wheeler 
and taxi is relatively higher (around 5% and 4% respectively) in Bombay and Calcutta as compared to 
Delhi and Bangalore (3.5% and 0.4% respectively). Nearly one-third of the total vehicles registered in 
1995-96 in each city is likely to be added to the fleet stock by 2000-01, without much of a deviation in 
the existing vehicular composition (Table 1). 

Passenger travel demand and modal split 

Table 2 gives the estimated travel demand and itS'" distribution by various modes and their respective 
technologies for 1995-96 and 2000-01. Secondary data on average occupancy and vehicle utilization of 
different modes are used for Eq.(2).^*‘° Travel demand in Delhi is expected to grow at the rate of 
7.4% annually between the period 1995-96 and 2000-01 (from 81 billion passenger kilometre (bpkm) 
to 108 bpkm). The corresponding figures for the other cities are: Calcutta 7.1 % (from 29 to 38 bpkm), 
Bombay 5.7% (36 to 45 bpkm) and Bangalore 6.2% (from 32 to 41 bpkm). In spite of a very large fleet 
stock of personalized modes (two-wheelers, cars and jeeps) in each city, bus caters to a very high^ 
volume of travel demand and is expected to remain around the same level in the coming years. In Delhi, 
currently, bus meets nearly 62% of the travel demand which is expected to decline marginally in 2000- 
01. Travel demand being met by bus in Calcutta and Bombay is around 67% and 70% respectively, 
which are likely to increase marginally during 2000-01. In Bangalore, almost 72% of the travel demand 
is catered by bus in 1995-96 which is expected to decline, though marginally. 

With regards to travel demand catered by different technologies under car, jeep and taxi together, 
there is likely to be a greater shift in ownership and usage of clean technologies like car with catalytic 
convertors which are meant for unleaded gasoline. Shift from gasoline engine to diesel engine cars, jeeps 
and taxis is expected in the near future due to more than double price differential between retail price 
of gasoline (about Rs 22 per litre) and diesel (about Rs 9 per litre). In the case of two-wheelers, the 
travel demand to be catered by two-stroke engines (which are highly fuel inefficient due to incomplete 
combustion) will continue to be higher than that of four-strokes. The three-wheeler autorickshaws is 
expected to meet between 6 and 8% of the travel demand in the four cities. 

Energy demand 


Using Eq.(3), total energy demand and its contribution by various modes and technologies is estimated 
for 1995-96 and 2000-01 in each city (Table 3). Average fuel efficiency norms used in Eq.(3) is givct' 
in table 4, The estimated demand of gasoline in Delhi in the first half of 1990 is found out to be around 
16-20% higher compared to the available data on gasoline sales.*' Similar result is also observed by 
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pollution: combating the smog and noise in cities. In Hindu - Survey of the Environment, p.43. 
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the author in an other transportation energy-environment study in Delhi.Higher estimates of gasoline 
demand in Delhi could be due to the use of normative values of fuel efficiency, occupancy and vehicle 
utilization levels, each of which would vary under typical driving conditions. The other possible reason 
could be the vehicles going outside Delhi in most of the cases are expected to meet their fuel requirement 
from the neighbouring regions. 

Total energy demand for passenger transportation in Delhi is highest relative to the other cities. Total 
energy demand in Delhi is expected to grow at an annual rate of 7.5% between 1985-86 and 2000-01 
(from 0.84 million tonnes of oil equivalent (mtoe) to 1.12 mtoe). The corresponding growth rates of 
energy demand in Calcutta is 6.6% (from 0.34 to 0.44 mtoe), Bombay 5.1 % (from 0.47 to 0.58 mtoe) 
and Bangalore 6.6% (from 0.28 mtoe to 0.36 mtoe) respectively. The share of gasoline demand out of 
total energy is expected to decline from 57 % in 1995-96 to 55% in 2000-01. However, in the other three 
cities the share of gasoline demand would continue to remain less than half. In fact, in Calcutta the 
gasoline share would decrease marginally from 43% in 1995-96 to 42% in 2000-01. The corresponding 
figures for Bombay is 48 to 46% and Bangalore around same level 40% in both the periods. As can be 
noticed from tables 2 and 3, bus-inDelhi consumed nearly 39% of the total energy and contributed over 
60% of the travel demand in 1995-96. Similarly, the share of energy demand by bus with respect to the 
contribution of travel demand are in the ratio of 41%:67% in Calcutta, 33%:70% in Bombay and 
52%:72% in Bangalore respectively. These ratios are likely to change marginally in 2000-01 inBAU 
scenario. 

Share in consumption of total energy demand for other modes are also given in table 3. The 
introduction of new cars with catalytic convertor in 1995 (which can run only with unleaded gasoline) 
only in the four metropolitan cities viz., Delhi, Calcutta, Bombay and Madras to reduce lead emissions, 
would result in a high growth in demand of unleaded gasoline over the next couple of years in these 
cities (table 4). 

Emissions 

Emission factors of the five criteria pollutants viz., CO, HC, NO^, SPM and SO^, with respect to the 
different range of technologies considered in our analysis have been compiled and presented in table 4. 
Using these values in Eq.(4), emissions from different modes and technologies are estimated for each 
pollutant in the BAU scenario. Table 5 gives estimated daily emissions of these pollutants in the four 
cities during this decade. The table also gives an understanding of the contribution of air pollution by 
different modes and technologies. Delhi has the highest level of emissions of each pollutant as compared 
to the other three cities. Figure 1 depicts the trend in emissions of each pollutant in the four cities. 

Carbon monoxide 

With higher combustion efficiencies in diesel engines as compared to gasoline, CO emission rates is 
higher in gasoline vehicles. In 1995-96, daily emissions of CO in Delhi was 314 tonnes (t), while for 
Calcutta the corresponding figure was 108 t, Bombay (175 t). Bangalore (90 t). CO emissions is 
expected to increase in 2000-01 in Delhi (364 t), Calcutta (115 t) and Bangalore (116 t). However, iu 
Bombay' CO emissions is expected to decline marginally from the present level of 175 t to 172 t in 2000' 
01, Car, jeep and taxi mn on gasoline contributes majority of CO emissions in Delhi (39%), Calcutta 
51% and Bombay 63%. Bus contributes 13%, 15% and 18% emissions in Bombay, Delhi and Calcutta 
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respectively. The contribution of CO emissions in Delhi from two-wheeler (22%) and that of three- 
wheelers (24%) is relatively much higher than in Bombay and Calcutta. While in Bangalore contribution 
of CO emissions by different modes are relatively more evenly distributed with two-wheelers 
contributing to 30%, three-wheelers 26%, bus 23%, and car, jeep, and taxi 22% respectively. 

Hydrocarbons 

HC emission rates are higher in gasoline than diesel vehicles due to lower combustion efficiency in 
gasoline engines. Among the gasoline driven two and three-wheelers, two-stroke engines are highly 
inefficient as compared to the ones with four-stroke engines. Daily HC loading in 1995-96 was 164 t 
in Delhi, 44 t in Calcutta, 64 t in Bombay and 50 t in Bangalore. Each of these emission values are 
expected to increase to 205 t, 55 t, 68 t and 65 t respectively in 20(X)-01. Three-wheelers which run on 
two-stroke engines (with low combustion efficiency) contribute majority (over 42%) of HC emissions 
in each of the four cities. Two-stroke scooters and motor cycles also contribute significant emissions in 
Delhi (40%) and Bangalore (42%). However, cars, jeeps and taxis run on gasoline contribute sizable 
emissions after three-wheelers in Calcutta (22%) and Bombay (33%). Contribution of HC emissions from 
bus ranges between 5 and 8% in each of the four cities. 

Nitrogen oxides 

The emission rate of NO„ is higher in diesel heavy duty vehicles (like bus and commercial goods 
vehicles) because of lower combustion temperatures as compared to gasoline vehicles. NO, emissions 
is likely to increase in each city. In 1995-96, daily emissions of NO, was 104 t in Delhi, 44 t in 
Calcutta, 56 t in Bombay and 39 t in Bangalore. These figures are likely to go up to 129 t, 53 t, 63 t 
and 49 t respectively in 2000-01. Bus happens to be the major contributor of NO, emission. Nearly 75 % 
of the total NO, emission in Delhi and Calcutta is due to bus. For Bombay and Bangalore the 
corresponding figures are 67% and 86% respectively. Gasoline driven car, jeep and taxis contribute 
almost the remaining NO, contribution in each city, as the other modes i.e., two- and three-wheelers 
together contribute around 3% NO, emissions. 

Suspended particulate matter 

Diesel vehicles emit significant SPM levels as compared to the gasoline vehicles. In 1995-96, daily 
emissions of SPM was 23 t in Delhi, 11 t in Calcutta, 15 t in Bombay and 9 t in Bangalore. Like other 
pollutants, SPM emissions also is likely to increase to 30 t, 14 t, 18 t and lit respectively during 2000- 
01. In Delhi and Bombay, major contributor of SPM emissions is bus, the share being 49% and 56% 
respectively, while in Calcutta and Bombay, car, jeep and taxi run on gasoline happen to be the main 
contributor with their share being 44% and 54% respectively. In each of these cities three-wheeler 
contribute in the range of 8-13 %. Two-wheelers contribute around 14% of SPM emissions in Delhi, 10% 
in Bangalore, 4% in Calcutta and over 3% in Bombay. 
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Sulphur dioxide 

Emission rate of SOj is higher in diesel than that of gasoline vehicles. During 1995-96, total daily 
emissions of SO^ was 8 t in Delhi, 4 t in Calcutta, 5 t in Bombay and 3 t in Bangalore. Each of these 
values is expected to increase to 10 t, 5 t, 6 t and 4 t respectively. Bus happens to be the major 
contributor of SO, emissions in each city. Its share in Delhi is 72%, Calcutta 66%, Bombay 57% and 
Bangalore 78% respectively. Next comes car, jeep and taxi which contributes 19% in Delhi, 30% in 
Calcutta, 40% in Bombay and 14% in Bangalore. Less than 8% of the contribution share of SO^ 
emissions is by two- and three-wheelers together. 


Results and analysis under the two strategies 

Energy demand and emissions are also estimated for 2000-01 under the two alternative scenarios 2 and 
3 in each of the four cities. Results of each scenario is compared with the BAU scenario results discussed 
above. 

Scenario 2 

By facilitating a shift towards use of public buses, each city would save considerable oil in 2000-01 for 
passenger transportation. This would also lead into reduction in urban traffic congestion and emissions 
of CO, HC and SPM. However, emissions of NO^ and SO, would rise. Table 6 summarizes for each 
mode, percentage increase/decrease in gasoline and diesel requirement and emissions of different 
pollutants in scenario 2 in 2000-01 when compared with the BAU results. A 20% increase in bus share 
in the total travel demand in 2000-01 would lead to about 15% saving of oil for passenger transportation 
in Delhi (170696 toe) and Calcutta (67298 toe), 17% in Bangalore (59452 toe) and 22% in Bombay 
(128671 toe). The other advantages that ensue are 22% reduction of total vehicles on Delhi road, 39% 
in Calcutta, 41% in Bombay and 47% in Bangalore respectively. Emissions of CO and HC would 
decline considerably in each city. In Delhi, CO and HC emissions would reduce by 35% and 45% 
respectively. While in Calcutta drop would be 46% and 62%, Bombay 54% and 73% and in Bangalore 
39% and 51% respectively. SPM emissions would also decline in each city, with maximum drop in 
Bombay by about 18% and least in Calcutta by’8%. However, emissions of NO^ and SO 2 would rise 
marginally in each city (with only exception being Bombay where SOj emissions would fall by around 
3%). Rise in emissions of NO, would lie in the range of 3% in Bombay and 10% in Bangalore. While 
that of SO 2 emissions would increase by around 5.5% in Delhi, Calcutta and Bangalore. 

Scenario 3 


Introduction of four-stroke two-wheelers by phasing out 45% two-stroke scooters in 2000-01 under 
scenario 3, would lead to a marginal reduction in total oil demand in each city when compared with the 
BAU case (Table 8). Though the reduction in gasoline demand by two-wheelers would be substantial. 
Similar trend is observed for emission reduction for CO, HC and SPM as given in table 7. In scenario 
3, the total gasoline demand in Delhi would decline by around 1.2%-(13364 toe), Calcutta 0.42% (1835 
toe). Bombay 0.33% (1904 toe) and Bangalore 1% (3631 toe). Total CO emissions in Delhi would 
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Table 6. Reductlon(-) /addition(+) in energy demand and emissions in 2000-01 under scenarios 2 and 3 when compared with the BAU scenario 
Parametre City Results of scenario 2 compared with BAU _ Results of scenario 3 compared with BAU 

2-wheeler 3-wheeier car, jeep & taxi bus All modes together 2-wheeler total 

gasoline gasoline diesel _ only _ 

gasoline diesel gasoline diesel gasoline & gasoline diesel 
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decline by little less than 4%, Calcutta 2%, Bombay 1% and Bangalore 3% respectively. Similarly 
emissions of total HC would reduce by 12% in Delhi, 6% in Calcutta, 5% in Bombay and 10% in 
Bangalore. Total SPM emissions would also drop in Delhi by 2%, Calcutta 0.7%, Bombay 0.6% and 
Bangalore nearly 2%. Emissions of the other two pollutants — NO, and SOj would increase. In the 
former case, the range of increase would be 0.8% in Bombay to 2.7% in Delhi, while for SOj the rise 
would be in the range of 0.3% in Calcutta and Bombay to 1% in Delhi. 

Figure 2 shows automotive emissions in the four cities in the past, present and future years (under 
alternative cases). High potential exists for stabilizing/reducing emissions of CO, HC and SPM with 
more buses on city roads. While, rate of decline in emissions is less when introduction of only clean 
technology as Supply side intervention is considered. Thus, an increased reliance on demand management 
measures, complemented with supply intervention would help in improving the urban air quality. 


Conclusions 

The paper has illustrated the effect on emissions of two much discussed possibilities for improving 
economic efficiency while reducing energy demand and emissions in the four major metropolises in 
India:- (a) reducing urban congestion by facilitating a shift towards use of public transport and (b) 
introduction of clean technologies. The physical benefits in teims of oil savings and reduction in 
emissions have been quantified. Reduction in energy demand and emissions is substantial with more 
buses on road as compared to the gradual introduction of improved engine technologies. This suggests 
that the technological fix alone is not sufficient. 

The current air quality strategy in developed economies is based primarily on a search for 
technological fix, which is a supply side option. However, in a rapidly growing developing economy like 
India, there are limitations to a strategy focused primarily on affecting automotive technology. With 
growing traffic congestion and inadequate investment in road development, demand management is 
critical and needs to be more vigorously used than at present, having usually failed due to: lack of public 
transport alternatives, lack of staff for design and enforcement; and political unwillingness to implement 
and enforce. It is desirable therefore,- to complement the supply side interventions with demand 
management measures, if the ultimate objective is to secure improved levels of air quality. 
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